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An Ocean of Lubricants... 








In its 83 years existence, The Brooks Oil Company has manufactured millions of gallons of 


lubricants for industry . . . a veritable ocean! 


The dependable, SUPERIOR quality of Brooks products, plus unending research, explains 


the steady trend to Brooks for the answers to industry’s toughest lubrication jobs. 
LEADOLENE . KLINGFAST . BARCOTE . ROLLENE 
16 page brochure available on request 
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General offices and US. plant: 3304 East 87th Streete Cleveland 27. Ohio 


Canadian offices and plant: 461 Cumberland Avenuee Hamilton. Ontarié 
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LUBRICATION IN THE NEWS 


Mini 


Book Published On 
Plant Maintenance 


And Engineering 


The tenth volume in the annual series, 
“Techniques of Plant Maintenance and 
Engineering,’ has been published by 
Clapp and Poliak, Inc., 341 Madison 
Ave., New York 17, N. Y. It is priced 
at $10 postpaid. It contains all papers 
read at the 1959 Plant Maintenance and 
Engineering Conference held in Cleve- 
land last January. 


One of the major features of the book 
is the vast number of practical situations 
it covers. Included are answers to 1,056 
questions submitted by engineers attend- 
ing the conference. More than 70 charts, 
graphs and diagrams are reproduced. 


Coolant Costs Cut 


By switching to a specialized cutting 
coolant, a manufacturer of steel products 
has reportedly increased saw blade life, 
improved edge finish and reduced cool- 
ant requirements by 90 per cent. 


Many types of metals are sawed by 
this manufacturer, including round stock, 
bar stock, angle stock and flat stock in 
a variety of sizes, thicknesses and hard- 
nesses. The coolant formerly used for 
this cutting job had to be applied full 
strength and did not give adequate blade 


life. 


This problem led the company to in- 
vestigate coolants that were specially 
made for problem applications. The cool- 
ant chosen was Keystone 106. The manu- 
facturer says that this specialized ma- 
chining coolant costs less than the 
conventional coolant formerly used and 
is applied in diluted form—ten parts of 
water to one part of the coolant. 


Because cooling is more efficient with 
the new coolant than with the former 
coolant, cutting blade life has been ex- 
tended, output has been accelerated and 
metal edge finish has been improved. 


Chemical Society 
To Hold Symposium 


The American Chemical Society is 
planning a symposium on Lubrication 
Under Extreme Conditions to be held 


during their April, 1960 meetings in 
Cleveland. This symposium will be spon- 
sored by the Division of Petroleum 
Chemistry and is scheduled during the 
Petroleum Division meetings from April 
11 to 14. W. A. Zisman, of the Naval 
Research Laboratory, Washington, D. C., 
has been named chairman. 


Load Ratings 
For Bearings 
Standardized 


For the first time, an American Stand- 
ard method of evaluating load ratings 
for ball and roller bearings has been 
established, providing a uniform capacity 
rating system for bearings made by all 
manufacturers. Published by the Amer- 
ican Standards Association, the new 
American Standard B3.11-1959 is truly 
international since it is identical in all 
major technical respects with ISO Rec- 
ommendation 76 of the International 
Organization for Standardization cover- 
ing static testing of bearings and the 
latest draft proposal covering dynamic 
testing. (Cont. on next page) 
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Press Brake 
Specially Designed 
For Hot Forming 


A hydraulic press specially designed 
for hot forming is the unusual, new re- 
search tool being used at Boeing Air- 
plane Company, Seattle, for investigation 
work on titanium and other high tem- 
perature metals. A series of push-buttons 
automatically control the rate of advance 
of the ram. The ram dwells for a pre- 
determined interval above the material 
being hot-tool heated up to 1200F and 
then descends into the metal at a pre- 
selected rate. Adjustable combinations 
of forming rates and dwell and soak 
intervals permit automatic cycling for a 
variety of metals and requirements. The 
500-ton press brake was manufactured by 
Pacific Industrial Manufacturing Com- 
pany, 848 49th Ave., Oakland, California. 
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(Cont.) 

The standard establishes uniform test 
procedures and_ statistical methods for 
determining load-carrying capacity and 
expected fatigue life of both ball and 
roller bearings. It covers dynamic as well 
as static capacity of radial and thrust 
type bearings and contains definitions of 
bearing life, basic load rating, equivalent 
load, basic static rating, and static equiv- 
alent load. It also gives formulae for 
calculating these for different types and 
sizes of bearings. 


Based primarily on experimental work 
in Europe by A. Palmgren, G. Lund- 
berg, B. Anderson, and E. Bratt, stand- 
ards were written in this field by the 
Anti-Friction Bearing Manufacturers’ As- 
sociation. These standards were revised 
and expanded during the past ten years, 
and under ASA Sectional Committee B3 
on Ball and Roller Bearings, they were 
combined and approved as American 
Standards under ASA procedures. 


An American Standard is voluntary. 
To be approved by ASA, it must be ac- 
cepted by a consensus of national groups 
substantially concerned with its scope 
and provisions. The new bearings stand- 
ard was approved by associations of 
bearing producers as well as users, by 
engineering societies, and by 
government agencies. 


several 


Writing in the current issue of the 
Magazine of Standards, published by 
ASA, Gunnar Palmgren, vice-president 
of SKF Industries, Inc., and chairman 
of Subcommittee 7 on load ratings of 
Sectional Committee B3, commented, 
“The load-carrying capacity and expected 
fatigue life of such bearings are matters 
of considerable complication. For lack 
of something better, bearing manufac- 
turers originally developed and applied 
their own methods of evaluation, using 
empirical formulae based on limited test- 
ing and general experience. As a result, 
there sometimes were marked differences 
among the capacities claimed by differ- 
ent companies for the same type and 
size bearing, causing confusion among 
bearing users. This standard can be used 
by bearing manufacturers and users alike, 
and should be the desired uniform basis 
for bearing ratings.” 


American Standard Method of Evalu- 
ating Load Ratings for Ball and Roller 
Bearings, B3.11-1959, is available at $1.75 
a copy from the American Standards 
Association, Dept PR 81, 70 East 45th 
Street, New York 17, New York. 
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BROCHURE GIVES DETAILS 
ON WEIGHING SYSTEM 

A new eight-page, two-color brochure 
describes the 5000 Ib capacity weighing 
cells as well as the instrumentation which 
can be used with them. Five basic types 
of cells are pictured and diagrammed. 
This is another in the “Plan-It-Yourself” 
catalog series being published by this 
hydraulic weighing system manufacturer. 
Component selection instruction and a 
summary price sheet are part of the 
bulletin. Copies of Bulletin 591 may be 
obtained from the A. H. Emery Co., 
Pine St., New Canaan, Conn. 


BEARING DATA GIVEN 

Bulletin 110 provides information about 
the many types and sizes of deep-groove 
ball bearings. Because of their versatility 
in carrying loads, these deep-groove, 
Conrad-tvpe bearings are used in a va- 
riety of applications. Standard width 
deep-groove bearings are made in extra 
light, light, medium and heavy series. 
They may be open, equipped with shields 
or contact seals, and are offered with or 
without snap ring. Deep-groove bearings 
of cartridge design or with felt seals are 
also availab'e. Dimensions, loads and 
other application data for all these deep- 
groove bearings are included in the 12- 
page bulletin. Copies may be obtained 
by writing Advertising Dept., Hoover 
Ball and Bearing Co., 5400 So. State Rd., 
Ann Arbor, Mich. 


CATALOG SHOWS VALVES 
AND ACCESSORIES 

Waterman Engineering Co., 725 Custer 
Ave., Evanston, IIl., is offering a new 
12-page catalog of filters, check valves, 
unloading valves, relief valves, and fuses 
for hydraulic power systems. The catalog 
is a Companion piece to the company’s 
other catalogs on flow regulators and 
solenoid valves. Filters shown are rates 
for hydraulic pressures up to 5000 psi, for 
filtration as fine as ten microns. The 
valve sections of the catalog show e juip- 
ment rated up to 3000 psi, including 
several designs reportedly never before 
cataloged. Complete, well-arranged  in- 
formation is given, including dimensions 
and pressure drop charts, to enable the 
designer to make his own filter and valve 
selection in most cases. Ask for Catalog 


No. 3000. 


FOLDER GIVES DETAILS 
ON LUBRICANTS 

An illustrated folder providing detailed 
information on D-A Universal Lubri- 
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cants has been published by the manu- 
facturer of heavy-duty lubricants for the 
construction industry. The 2-color folder 
describes the reasons for the creation of 
low-activity heavy duty gear lubricants, 
and the advantages of using the D-A 
Universal Lubricants. Unretouched com- 
parative photographs show the relative 
lack of oxidation encountered in the 
products. Advantages claimed for the 
lubricants include elimination of sludge, 
moisture and corrosion; high, natural, 
stable viscosity index; reduced leakage 
and consumption; retention of additives 
and elimination of foaming. The folder 
also discusses the use of straight mineral 
oil gear lubricants in applications where 
gear designs do not require the additives 
used in the specialized lubricants. The 
folder can be obtained on request by 
writing to the D-A Lubricant Company, 
Inc., 1331 W. 29th St., Indianapolis 28, 
Ind., or through local representatives. 


BULLETIN DESCRIBES 
MOLDED CUPS 


A bulletin describing the latest types 
of molded cups for pump pistons, hy- 
draulic service and for pneumatic equip- 
ment has recently been published. The 
new booklet, which updates the com- 
panv’s previous literature on this subject, 
is designated Bulletin AD-145, and it 
details the construction, recommended 
service and available sizes of rubber and 
synthetic rubber, leather, reinforced syn- 
thetic rubber, metal bonded and metal 
reinforced and homogeneous cups. The 
bulletin also contains tables illustrating 
the most popular cups for recommended 
services on a wide variety of general ap- 
plications. A section is devoted to the 
conversion of pistons designed for opera- 
tion with hydraulic ring packings to pis- 
tons designed for use with pump cups. 
This includes pistons for tapered and 
straight rods. Copies of Bulletin AD-145 
may be obtained by writing The Garlock 
Packing Co., 486 Main St., Palmyra, 
Nae we 


COOLANT SYSTEMS 
BULLETIN ANNOUNCED 


A four-page bulletin describing a num- 
ber of mist coolant systems and units is 
offered by the Trico Fuse Mfg. Co. The 
bulletin gives detailed specifications for 
single as well as units for supplying 
multiple installations. It pictures five 
models and lists proper application in- 
formation. For a copy of this bulletin, 
write Trico Fuse Mfg. Co., Milwaukee 
12, Wisconsin. 
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NEW ADDITIVE OFFERS 
ECONOMY 


Acheson Colloids Co., a division of 
Acheson Industries, Inc., Port Huron, 
Mich., announces a new molybdenum 
disulfide additive for greases and heavy 
oils. The new Mo&: dispersion, designated 
‘dag’ 208 by the manufacturer, reportedly 
provides substantially greater coverage 
than the finest commercially available 
molybdenum disulfide powder at no in- 
crease in solids content, extending the 
range of applications to even closer-tol- 





Fig. A 





Fig. B 


mechanisms. Photomicrograph 
comparison (enlarged) of ‘dag’ 208 (Fig. 
A) and MoS, powder (Fig. B) shows that 
the predominantly finer particles in the 


erance 


pre-wetted dispersion provide 80 per cent 
greater hiding power. The ultimate re- 
sult is more coverage per dollar. Other 
advantages listed for the new dispersion 
include consistent uniformity. The ease 
with which this additive can be handled, 
measured and blended provides addi- 
tional savings in time and labor. 
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T-BOLT CLAMPS GOOD 
FOR EXTREME CONDITIONS 


A new low-cost line of T-bolt clamps 
for critical applications on hose and duct 
connections are available. According to 
the manufacturer, the clamp is especially 
recommended for hose and duct connec- 
tions subjected to high internal pressures, 
severe vibration, corrosive atmospheres, 
or high temperatures. The manufacturer 
explains that the flexible stainless steel 
band exerts an extreme radial clamping 
pressure, uniformly around the circum- 
ference, to prevent bulges, bends, or dis- 
tortion of the clamp. This assures perfect 
sealing with extreme conditions. The 
T-bolt clamp is made with a stainless 
steel strip and cadmium-plated T-bolts, 
trunnions and nuts. For extreme condi- 
tions, units are available with all com- 
ponents of stainless. For further infor- 
mation contact Voss Engineering Co., 
2193 W. 26 St., Cleveland 13, O. 


AEROSOL CANS HELP LUBRICATE 


Reportedly on the market is a line of 
aerosol products for industry. Described 
as the key to push-button maintenance, 
the new line consists of 47 maintenance 
and production aids in self-spraying con- 
tainers. Aerosol cans save on time and 
labor costs, according to the manufac- 
turer, always ready for use anywhere and 
requiring little or no preparation or 
clean-up. In addition, spray application 
gives improved product performance. 
These aerosol cans include color code 
enamels and marking paints, standard 
equipment finishes, special lubricants, 
protective coatings, and de-greasers. It 
reportedly covers virtually every self- 
spraying product used in industry, from 
silicone mold release to blue layout fluid. 
Also featured is the Jet-Pak sprayer, a 
re-use self-powered spray gun that sprays 
liquid at the touch of a button. Sold 
through industrial distributors, aircraft 
distributors, and mill supply houses, this 
line is aimed at utilities, transportation 
and defense establishments and general 
industry. A free handbook of “Aerosols 
for Industry” is available from Industrial 
Supply Division, Sprayon Products, Inc., 
2075 E. 65 St., Cleveland 3, Ohio. 


DIE-CASTING LUBRICANT 
ON MARKET 


The Die Casting “ID” Corp., 4902 
Ledge Ave., North Hollywood, Cal., an- 
nounces its new industrial lubricant, 
“ID” Plunger Lube, for die-casting 





plunger lubrication under extreme tem- 
perature conditions. This dark, bronze 
colored lubricant contains electric furnace 
graphite and holds other micro-fine me- 
tallic combinations in suspension for 
evenly distributed lubrication. It is com- 
pounded in three consistencies—light, 
medium and heavy. It flows at room 
temperature and therefore does not re- 
quire a high pressure system for auto- 
matic lubrication. It will not thin out 
when applied to hot plunger tips, nor 
will it allow by-passing of fluid into the 
casting runners with its resulting objec- 
tionable gas porosity. Information and 
prices on this and other die-casting lubri- 
cants are available by writing. 


AIR LINE FILTER AVAILABLE 


The Oil-Rite Corp. has developed an 
air line filter-oiler-regulator. This com- 
pact combination filters air, removes 
moisture, supplies an oil mist, and regu- 
lates air pressure to a desired value. 
The air filter, capable of handling ca- 
pacities up to 7 cfm, is equipped with a 
40 micron filter element which can easily 
be cleaned or replaced. Condensate can 
be drained from the transparent reser- 
voir through a small valve on the bot- 
tom. A needle valve shut-off is provided 
on top of the filter. The oil delivery can 
be regulated on the bottom of the oiler. 





The top filler cap makes replenishing 
the oil an easy matter and the trans- 
parent reservoir will tell at a glance 
when refilling is needed. The regulator 
will reduce air pressure to any selected 
valve and automatically retains this 
secondary pressure. The design is com- 
pact with adjusting screw of ample di- 
ameter and extremely simple and easily 
removed valve seat. The flow is unre- 
stricted with a minimum pressure drop. 
All components, filter, regulator, oiler, 
can be purchased separately if desired. 
(Cont. on p. 310) 
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Quality... the best economy of all 


It’s a multipurpose grease ... but how multipurpose? 


You can’t “feel” the answer. Any 
*‘multipurpose” grease you buy is a 
compromise. Lubrication engineers 
say it can’t possibly be the best lubri- 
cant both for high speeds and low 
loads... and for low speeds and 
heavy loads. It’s got to be somewhere 
in between, so that it can do both 
jobs fairly well. 

What you should do is decide on 
which multipurpose grease is best 
for you. This is a decision for an 
expert team—you and your Sun rep- 
resentative—because you have to 


consider many variables. 

We feel, justifiably, that one of 
Sun’s Prestige Multipurpose Greases 
is designed with that wide range of 
applications you’re looking for. They 
last longer under pressure, water, 
heat, and other abuses. They bear 
investigation. To start enjoying the 
real economy of quality, call that 
Sun man today—or write direct to 
Sun O1 Company, Philadelphia 3, 
Pa. Dept. LE-8. In Canada: Sun 
Oil Company Limited, Toronto and 
Montreal. 


MAKERS OF FAMOUS CUSTOM-BLENDED BLUE SUNOCO GASOLINES 
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SiR HENRY BESSEMER concentrated on steel metallurgy when England 
needed cannons for the Crimean War. Steel was then being made from wrought 
iron by the slow, costly crucible method. He sought to produce it faster by 
blowing air through molten pig iron. His first attempt, in 1854, succeeded. 


But Bessemer’s process required Swedish iron and could produce only high 
carbon steel. With English irons, it failed completely. For years, Bessemer 
tried to produce mild steel. The final solution came when manganese was 
added in the form of spiegeleisen, opening the door to the modern age of steel. 





|" the record of Henry Bessemer’s 
achievement, two facts stand out. 
His research was prompted by a war- 
time need, and his process was not 
perfected until freed from its depend- 
ence on imported iron. 


Both facts have an interesting 
parallel in the development of an 
all-American lubricant to replace im- 
ported palm oil. 


The search for a satisfactory do- 
mestic roll oil began during World 
War II, when the steel industry woke 
to its dangerous dependence on palm 
oil, brought across submarine-infested 
seas. Success was reached midway in 
the Korean War, when Ironsides an- 
nounced the perfecting of Palmo- 
shield, the “palm tree that grows in 
Ohio.” 


In use in most of the rolling mills 
of North America, Palmoshield has 
demonstrated that it has every desir- 
able characteristic of palm oil, plus 
greater uniformity and the immeas- 
urable advantage of being produced 
entirely from domestic materials. 

Ironsides engineers are accustomed 
to solving lubrication problems. To 
achieve a satisfactory roller bearing 
“Shield”, for example, it was neces- 
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sary to develop a lubricant that was ‘ 
pumpable, water-repellent, able to 
support high speeds and extreme 
pressures, yet free-running so as to 
minimize the costly power consump- 
tion of modern rolling mills. 


Working in close cooperation with 
mill superintendents, lubrication en- 
gineers and rollers, such Ironsides 
“Shield” lubricants are compounded 
to each user’s individual preferences 
and operating requirements. They 
can be supplied in any quantity, from 
pails to tank cars. 


Do you have a problem — or an 
interest in improving lubrication per- 
formance? You need only write, or 
phone for an Ironsides research engi- 
neer. Address The Ironsides Com- 
pany, Columbus 16, Ohio. 








SHIELD 
PRODUCTS 






TAILOR-MADE ROLL OILS 
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(Left) The students concentrate on their instructor 
and their notes. The course was especially help- 
ful to men in small plants or other operations not 
large enough to justify employment of a lubrica- 
tion engineer. They were supplied with basic in- 
formation to draw on when recommending lu- 
brication practices. 


ONE-DAY LUBRICATION COURSE SUCCESS 


FOR NORTHERN CALIFORNIA SECTION 


(Right) The success of the one-day Course on Prac- 
tical Lubrication sponsored by the Northern Caii- 
fornia Section was due largely to the instructors; 
(I. to r.) Ora Wollam, Shell Oil Co., John Morris, 
Western Gear Corp., Otto Neumer, SKF Indus- 
tries, Inc., Watson Beggs, Alemite Company of 
Northern California and (not appearing in pho- 
tograph) Fred Hanly, California Research Corp. 
Discussion was encouraged by the instructors at 
the end of each session. 
















(Left) The instructors and students take a lunch 
break to eat and discuss the events of the morn- 
ing. After lunch, the men went back to class. The 
course, which was designed to be of assistance 
to the operator of equipment and the foreman 
who supervises him, was also of great value to 
the general foreman who needs a basic knowl- 
edge of lubrication to aid in the supervision of 
maintenance. 
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Westfield, N. J. 

ADams 2-8700—New Jersey 
BArclay 7-7455—New York 
OKLAHOMA CITY, OKLA, 
Nix Industrial Supply Co. 
2702 South High Street 
ORange 7-6623 
PHILADELPHIA, PA, 

J. A. Moody Company 

10 West Avenue—Wayne, Pa. 
MUrray 8-3750 


PHOENIX, ARIZONA 
Air-Draulics Co. 

3135 North 29th Avenue 
Alpine 8-6441 
PITTSBURGH, PA, 

Leonard R. Nourie, Inc. 
2414 W. Liberty Avenue 
LOcust 1-1628 

PORTLAND, OREGON 
Power Transmission Products 
1107 N.W. 14th Avenue 

CA 7-1271 

ROCHESTER, N. Y.*- 
Goll-Hanford Corp. 

1644 Monroe Ave. 
GReenfield 3-8323 
PROVIDENCE, R. f. 
Pearse-Pearson Co., Inc. 
420 Industrial Trust Bldg. 
GAspee 1-2557 

ST. LOUIS, MO. 

Sturgis Equipment Company 
601 South Taylor Avenue 
OLive 2-5380 

SAN FRANCISCO, CALIF, 
Airdraulic Industrial Products Co. 
1104 Carolan Ave., Burlingame 
Di 2-7297 

SEATTLE, WASH. 

George W. Warden Co. 
1305 Dexter Avenue 
ATwater 3-1441 ATwater 3-0622 
SHREVEPORT, LA, 

Harris Frederic & Co., Inc. 
100 Edwards Street 
SHreveport 5-7455 
SYRACUSE, N, Yo 

Ralph W. Earl Company 
530 East Washington Street 
GRanite 5-5145 

TULSA, OKLAHOMA 

Nix Industrial Supply Co. 
2525 Sand Springs Road 
Diamond 3-8916 

CANADA -— 

MONTREAL - LACHINE 
Cowper Company Limited 
515 Fourth Avenue 

ME 7-6746 

TORONTO 

John Spotton Company, Ltd. 
21 Carson Street 

CLifford 9-3788 
VANCOUVER 

Galbraith & Sulley Ltd. 
1331 West 6th Avenue 
REgent 8-5121 


Norgren representatives and stocking distributors are located in the 
42 principal industrial areas in the United States and in 25 foreign countries. 


If tts Norgren... $s Dependable, 
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A telephone call to your nearby 


ENGLEWOOD, COLORADO 


Norgren representative will bring quick, 
expert engineering service. 
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"THI LUBRICANT 
CAVES 7 TIMES 
Te COST IN 
PRODUCING HOES" 











says: WOLVERINE 
Shoe and Tanning Corp. 


‘‘We use LUBRIPLATE No. 100 for lubri- 
cating the chains that drive the paddle 
wheels which turn hides immersed in 
solution. The solution is sometimes acid, 
sometimes caustic. Until we tried Lu- 
BRIPLATE, chain life was only about one 
year. After a two year test, applying 
LUBRIPLATE to the chains every two 
weeks, it appears that for every dollar 
we invested in LUBRIPLATE, we have 
saved seven dollars in chains!” 


REGARDLESS OF THE SIZE AND 
TYPE OF YOUR MACHINERY, 
LUBRIPLATE GREASE AND 
FLUID TYPE LUBRICANTS WILL 
IMPROVE ITS OPERATION AND 
REDUCE MAINTENANCE COSTS. 


LUBRIPLATE is available 
in grease and fluid densi- 
ties for every purpose . 
LUBRIPLATE H. D.S. 
MOTOR OIL meets today’s 
exacting requirements for 
gasoline and diesel 
engines. 




















WBRIPLATE 


HDS. 





For nearest LUBRIPLATE distributor see 
Classified Telephone Directory. Send for 
free ‘““LUBRIPLATE DATA BOOK”... a 
valuable treatise on lubrication. Write 
LUBRIPLATE DIVISION, Fiske 
Brothers Refining Co., Newark 5, N. J. 
or Toledo 5, Ohio. 
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NEW PRODUCTS 
(Cont. from p. 304) 


SLIPPER TYPE PUMP 
GIVES QUIET OPERATION 


A new Kingsbury Slipper Type hy- 
draulic pump has just been announced 
by Mechanisms, Inc., 118 E. 2nd St., 
Uhrichsville, Ohio. According to the 
manufacturer, Model 1372 is designed for 
material handling applications from % 
to 2 ton, where pressures to 1500 psi are 
common and capacities of 1 to 2 gpm 
usually required. The manufacturer 
points out that the thrust bearing prin- 
ciple is utilized in the new pump slippers 
which support the load on a_hydro- 
dynamic oil film—giving minimum fric- 
tion, quiet operation, and maximum de- 
pendability. Slippers exactly fit the bore 
contour instead of giving just the line 
contact normally obtained with vanes. 





In pump diagram above, liberal clear- 
ance at A eliminates trapping—assures 
quiet operation. Sealing occurs at points 
B and C as centrifugal force and pressure 
hold slippers out and forward against 
rotor. In position D pressure holds slip- 
per against rotor and the angle of appli- 
cation of the driving force, 
assures hydrodynamic 


as well as 
the pressure, 
lubrication. 


HEAVY-DUTY LUBRICANT 
AVAILABLE FOR GEARS 


Type 223X, a heavy-duty gear lubri- 
cant available in SAE 90 and 140 grades, 
has been announced. Reportedly made 





from the highest quality solvent-refined 
paraffin base stock plus a special formu- 
lation of EP additives which include 
Type M-55, the new Type 223X is de- 
signed to provide satisfactory lubrication 
wherever the following problems are 
encountered : 

a. gear cases operating at excessive 

frictional temperatures; 
b. unsatisfactory wear life; and 
c. gears loaded beyond the recommen- 
dations of the gear manufacturer. 

The new gear lubricant has equally good 
load carrying ability through the entire 
range from the lowest to the highest 
sliding velocities and it is most effective 
in reducing wear. Type 223X has a vis- 
cosity index of 100. Its flash point is 
390F and its fire point is 420F. Its spe- 
cific weight is 7.5 pounds per gallon; has 
a pour point at OF; contains a foam de- 
pressant and is corrosion and oxidation 
inhibited. For complete details write The 
Alpha-Molykote Corp., 65 Harvard Ave., 
Stamford, Conn. 


PERSONALS — 


IHLNNIUOQUAUHIUI! LAME | 





Robert A. Kraus 


Robert A. Kraus, Republic Steel Corp., 
Chicago, has been appointed manager 
of a construction project involving Re- 
public’s $55 million dollar expansion of 
hot rolling facilities for flat roll products 
at Warren, Ohio. 

A. J. Weith has been named director 
of petrochemicals and mining chemicals 
research for the Organic Chemicals Div., 
American Cyanamid Co. Weith has been 
with Cyanamid since 1947 when he joined 
the company as a research chemist. 

The appointment of Raymond C. Zur- 
brigg, E. F. Houghton & Co., 
cation engineer has been announced. 
Zurbrigg’s appointment continues the ex- 
pansion of Houghton’s research program 
in the development and application of 
specialty lubricants. 


as lubri- 
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National O-Rings are precision made, uniform commercial rings 
available throughout the United States—promptly! Quality is 
superior ; all ingredients are inspected before compounding and 
compounding is strictly controlled for maximum uniformity. 
Molding is done on modern equipment by veterans of 20 years 
in O-Ring manufacture. Every precaution is taken to insure 
that no O-Rings with cuts, scratches or mold defects are shipped. 





NATIONAL SEAL 


Division, Federal-Mogul-Bower Bearings, Inc. 
General Offices: Redwood City, California 
Plants: Van Wert, Ohio, Redwood City 

and Downey, California 
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Atlanta 8, Georgia 

George W. Smith Company 
394 Williams St., N.W. 
JAckson 3-7140 

Chicago (Oak Park) Illinois 
7001 North Avenue 

Village 8-4500 

Cleveland 18, Ohio 

210 Heights Rockefeller Bldg. 
3091 Mayfield Road at Lee 
YEllowstone 2-2720 

Dallas 19, Texas 

Benson Engineering Company 
2514 West Mockingbird Lane 
Fleetwood 2-7541 

Detroit 27, Michigan 

13836 Puritan Avenue 
VErmont 6-1909 


Indi 1 Indi 





2802 N. Delaware St. 

WAlInut 3-1535 

Kansas City (Prairie Village) Kansas 
Benson Engineering Co. 

2902 West 72nd Terrace 

ENdicott 2-2843 

Los Angeles (Downey) California 
11634 Patton Road 

TOpaz 2-8163 

Milwaukee 4, Wisconsin 

647 W. Virginia Street 

BRoadway 1-3234 

Red Bank, New Jersey 

16 Spring Street 

SHadyside 7-3242 

Wichita, Kansas 

Benson Engineering Company 

519 So. Broadway 

AMhurst 2-6971 5600 
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ASLE ASME 


6th ANNUAL JOINT 
LUBRICATION CONFERENCE 
October 20, 21, 22, 1959 
Sheraton-McAlpin Hotel New York City 


Plan to attend this important confer- 
ence. The registration fee of $10.00 
for members and $15.00 for non- 
members will entitle each person at- 
tending to a complete set of preprints. 
See the adjoining column of this page 
for titles of papers to be presented 
by ASLE authors. 











COLLOIDAL DISPERSIONS 


make jobs easier, smoother, better 


















and many other 
industrial applications 


s of 
the problem 
O answers et 
note temperatures, s Ponoidel 
i abrasions. Try GRAFO pant 
Graphite Dispersions in y ad 
s 
in operation s 
tl in extruding or die 
revents sticking 
RAFO Water, 
ndustrial need. 





and reduces die =. 
Oil or Aicohol Dispe 





There’s 4 
sion for every i 


Send for booklet 
“The Biggest Ounce of Protection." 


S GRAFO COLLOIDS Coypovation 
269 Wilkes Place, Sharon, Pa. 


312 





TWELVE ASLE AUTHORS TO PRESENT 
PAPERS AT LUBRICATION CONFERENCE 


Twelve important papers are scheduled to be pre- 
sented by ASLE members at the 1959 ASLE-ASME 
Joint Lubrication Conference. This conference will be 
held at the Sheraton-McAlpin Hotel in New York 
City, October 20, 21, 22. Sponsored jointly by the 
American Society of ‘Lubrication Engineers and the 
Lubrication Division of the American Society of Me- 
chanical Engineers, this year’s meeting is expected 
to be very well attended by members of both groups. 
Listed below are the papers to be presented by ASLE 
members. 


“Transition Temperatures with Four Ball Machine” 
by R. 8. Fein 


“Distribution of EP Film on Wear Surfaces” 
by R. C. Wiquist, 8. B. Twiss and E. H. Loeser 


“A Comparison of Lubricants and Coatings for 
Cold Extruding Titanium” 
by A. M. Sabroff and P. D. Frost 


“The Effect of Root Lubrication on the Damping 
of Cantilever Beams” 
by R. V. Klint and R. 8S. Owens 


“The Influence of Silicon Additions on Friction 
and Wear of Nickel Alloys at Temperatures to 
1000° F.” 

by D. H. Buckley and R. L. Jackson 


“Evaluation of Gear Materials Scoring at 700° F.”’ 
by E. G. Jackson, C. F. Muench and E. H. Scott 


“Meta-Linked Polypheny!] Ethers as High-Temper- 
ature Radiation-Resistant Lubricants”’ 
by C. L. Mahoney, E. R. Barnum, W. W. Kerlin and 
K. J. Sax 


“The Calculated Journal Bearing Performance of 
Polymer Thickened Lubricants” 
by H. H. Horowitz and F. E. Steidler 


“Gear Lubrication in Inert Gas Atmospheres” 


by B. B. Baber, C. W. Lawler, H. R. Smith, G. A. Beane 
and P. M. Ku 


“An Analytical Investigation of Visco-Elastic Ef- 
fects in the Lubrication of Rolling Contact” 
by R. A. Burton 


“Sliding Characteristics of Metals at High Tem- 
peratures” 
by M. B. Peterson, J. J. Florek and R. E. Lee 


“A Research Program on the Investigation of Seal 
Materials for High Temperature Applications” 
by R. H. Baskey j 


Preprints of the above papers will be available at 
the Conference for those attending. They will also be 
available at the ASLE National Office for mail-orders 
after October 15, 1959. Abstracts of these papers will 
appear in next month’s issue of Lubrication Engi- 
neering. 
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Under wet conditions... 
Greases made with 


ARAGEL 


— stand up longer! 





BARAGEL greases do stand up longer... 
under wet conditions...such as exist on 
ore flotation equipment. 





A SUBSIDIARY OF NATIONAL LEAD COMPANY 


1809 SOUTH COAST BLDG. HOUSTON 2, TEXAS 





s982 *BARAGEL is a registered trademark of National Lead Company for organic ammonium montmorillonites 
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. . .. . What’s the limit: Heat? Shock? Speed? Or complicated 
radial and thrust loads? 


Name the combination of requirements . . . and chances 
are you'll find them met by a Rollway Maximum precision 
radial cylindrical roller bearing. If not, then Rollway engineers 
will modify any factor to meet your application. 


Rollers are crowned to prevent end-loading and the 
resultant spalling of races. Directional trueness is maintained 
by retainers of standard bronze or “Rollube” ferrous alloy 
of one piece or two piece construction. 


You may wish to refer to the Rollway Catalog and Engineering 
Data Book when writing specifications for a high precision bearing. 
It contains the first listing, by any manufacturer, of the thrust 
capacities of cylindrical radial roller bearings. Send for it today. 
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ENGINEERING OFFICES: 


Syracuse Boston Chicago Detroit 
Toronto Pittsburgh Cleveland 
Seattle Houston Philadelphia 

Los Angeles San Francisco 


ROLLWAY 


BEARINGS 


COMPLETE LINE OF RADIAL AND THRUST CYLINDRICAL ROLLER BEARINGS 


) 
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INSURANCE VALUE 


One can “lose sight of the forest for the trees” is a 
truism which too often can be applied to a casual at- 
titude toward lubrication. To be sure, it is the little 
things that count, but when we pay too much attention 
to details, (and first cost is one of them) and overlook 
the insurance value of lubrication, we could be cur- 
tailing the useful life of our machinery and increasing 
its cost of maintenance. 


Insurance value means just what it infers where 
lubrication is concerned: that the maximum of protec- 
tion of the operating mechanisms will result. The 
builders of automatic lubrication devices have realized 
this need; the petroleum and organic chemists have 
worked together in their study of refinery procedures 
and additive compatibility; but unless the plant selects 
lubricants capable of functioning most dependably, 
much of what we hope we are paying for may be lost. 


Insurance value is not something like a pot of 
gold at the end of a rainbow, it is a tangible actuality 
which can be measured directly in dollars and cents, 
as related to production. Unlike some other types of 
insurance this benefit with respect to lubrication is a 
built-in asset, you don’t have to pay extra for it; the 
only obligation is to select and use the lubricant as it 
should be used—intelligently. Quite naturally this re- 
quires organization and planning. Organization of the 
lubrication department,—planning of the lubrication 
procedure. To this end the lubrication engineer is fa- 
vored by an assist from the designer who today is 
adapting revolutionary ideas in machine design, to 
production. He realizes the need for perfect synchro- 
nism of every unit in the assembly line or power plant; 
accordingly he studies the lubrication requirements of 
the parts he intends to have built into the machines, 
as to load-carrying ability, metallurgy, safety and 
lubrication protection. 


Organization and planning also start with thor- 
ough knowledge of the lubrication requirements of the 
machinery. With this as a basis, selection of the most 
suitable lubricants follows. Here there must be com- 
plete understanding between the management, purchas- 


*Consultant and author “Basic Lubrication Practice.” 
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Lube Lines 


©ee02eeeee &@& &© 8O 88 le le 
by A. F. Brewer* 


ing, maintenance and operating people. The lubrica- 
tion engineer can well be the coordinator. When he 
and the maintenance department are agreed that a 
happy operator is one who has the most dependable 
production record, the insurance value of effective lu- 
brication becomes more obvious. The operator in re- 
ality is the front line man. He has the feel of things. 
He is normally the first to sense that all may not be 
well; possibly by sound, even by feeling. Touch can 
be the first indication of a condition of overheating, 
just as sound ean indicate overload. 
; 

Maintenance under such conditions becomes pre- 
ventive medicine. The organization goes to work to 
trace the cause before it gets out of hand. In other 
words modern maintenance goes well beyond the rem- 
edy stage. If the condition is due to faulty adjustment 
of lubrication equipment, correction may not be too 
difficult. If load, temperature or speed-up are con- 
tributing, review of the lubrication requirements is ad- 
visable, in line with the physical and chemical char- 
acteristics of the lubricants. Change of additives could 
be helpful in improving load-carrying ability, correct- 
ing for foaming or imparting greater detergent action. 
Increased temperature resistance may be needed, un- 
less the condition of overheating is generated within 
the mechanism and can be corrected by adjustment. 


Then the lubrication engineer is in position to go 
to management and the purchasing department with 
whatever recommendation he considers necessary as to 
change of lubricant. There should be no question of 
cost. Lubricant performance and insurance value are 
the primary objectives. The overall cost of lubrication 
as compared with the protection afforded and the total 
value of materials handled annually, is relatively in- 
significant. Down time for maintenance or major over- 
haul should not be risked at the expense of cost per 
gallon or per pound of lubricants. The use of purchas- 
ing specifications should be approached with due con- 
sideration of their limitations. They can be misleading 
and sometimes are no assurance that the prospective 
lubricant is best suited for the service. Chemistry and 
metallurgy can be far more significant. Chemistry, as 
to the nature and compatibility of additives; metal- 
lurgy, as to corrosion resistance of bearing materials, 
fatigue resistance, compressive strength, hardness, ete. 
When all these factors are coordinated with the service 
conditions, the means of lubrication, and the coopera- 
tion of operating and management personnel, the value 
of organization and planning is self-evident. 








250,000 Power Tools 
per year with 
Cities Service 
Pacemaker T 


Porter-Cable, one of the world’s largest manu- 
facturers of portable wood-working tools, has 
long known the value of quality in a lubricant 
as well as in a power tool. Each piece of equip- 
ment made by Porter-Cable is carefully pre- 
tested before manufacture and then continually 
tested for years after its original appearance 
on the market. It is this kind of thoroughness 
that led to Porter-Cable’s choice of Cities Service 
Pacemaker 300 T as the hydraulic oil to power 
their Fostermatic Screw Machines and Landis 
Grinders. 


But Cities Service Pacemaker T is more than 
a hydraulic oil... it is a multi-purpose line of 
lubricants suited for many applications. Porter- 
Cable also uses Pacemaker 300 T for lubricating 
valves in the plant’s compressors. Pacemaker T 
can be used to lubricate bearings, diesel engines, 
electric motors, generators, reduction gear 
drives, turbines and in circulating systems. 


Pacemaker T is available in various viscosi- 
ties to give you one line of quality lubricants 
that can save costly warehouse space by simpli- 
fying your inventory ...cut maintenance costs 
and extend equipment life. These oils have high 
viscosity index, excellent heat resistant proper- 
ties and are chemically fortified against oxida- 
tion, corrosion, rust formation and foaming. 


Contact your nearest Cities Service office and 
an experienced Lubrication Engineer will call 
to make specific recommendations for your plant 
on the use of Pacemaker T. Or for further infor- 
mation, write: Cities Service Oil Company, Sixty 
Wall Tower, New York 5, N. Y. 


CITIES ) SERVICE 


QUALITY PETROLEUM PRODUCTS 
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Porter-Cable Machine Company 


Syracuse, New York 


Backbone of Production Line is 
AutomaticScrew Machine. 
Pacemaker T gives out- 
standing performance as 
hydraulic medium in these 
machines as well as in 
Landis grinders and as a 
general lubricant! 

















Porter-Cable Research Engineer 
testing engine for new 
lawnmower the company 
will produce soon. All new 
products undergo exten- 
sive research and testing 
before production. 
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The backbone of any engineering society is its technical competence and activity. 
This is the primary reason for its existence. ASLE’s organizational structure is based on 
this premise, which is well reflected in our eleven technical committees and twelve in- 
dustry councils. The organization unless supplemented by competent manpower is use- 
less, for it is the individual participation that determines the extent of group activity. 

One of the real advantages in belonging to a group such as ASLE, is the participa- 
tion in its technical activities. With the formation of industry lubrication councils a little 
more than a year ago, the scope of ASLE’s activity has been broadened so that virtually 
every member who is willing to give of his time and energy may participate. 

Operating under their respective coordinator here is the list of our technical com- 
mittees and industry lubrication councils: 


Technical Committees Industry Lubrication Councils 


1. Bearings and Bearing Lubrication 12. Aviation 

2. Engine Lubrication 13. Machine Tool 

3. Fluids for Metalworking 14. Marine 

4. Gears and Gear Lubrication 15. Mining 

5. Hydraulics and Hydraulic 16. Mobile Equipment 
Machinery 17. Non-Ferrous Metals 

6. Lubrication Equipment 18. Paper 

7. Lubrication Fundamentals 19. Petroleum and Chemistry 

8. Lubrication Practices 20. Power 

9. Lubrication Rec. and Disposal 21. Railroad 

10. Properties of Lubricants 22. Steel 

11. Seals and Packings 23. Textile 


From this impressive list, there must be a place where you can actively participate 
in the Technical programs of the Society. The procedure is simple: 

Cirele the number(s) of the committee or council (or both) on the attached post- 
age-paid, self addressed card and provide in legible form your name and address. The 
returns will be supplied to the committee and council chairman, who will get in touch 
with you. 

Here is your chance to serve yourself and the Society—don’t let it pass! 


Calvert L. Willey, 
Executive Secretary 
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Standardized gear rigs are used for specification 
tests of anti-scuffing properties of oils for jet engines 
and for marine propulsion gears in the U.S.A. and 
England. They are also used for testing hypoid gear 
oils in Germany. Two types of rigs are used, having 
hunting and non-hunting teeth, respectively; scuffing 
occurs in a different way in the two cases and cor- 
relation between them is not always obtained. How- 
ever, the scatter of results (or precision of the test) is 
much the same with the two rigs. Both rigs are 
claimed to agree well with the full-scale machines. 

Repeatability is discussed in the light of test con- 
ditions, as well as criteria of failure, the evaluation of 
tests, and the rating of oils. 

The possible effect of different lubricants on the 
fatigue of metals is recognized, and gear fatigue tests 
are being added to oil specifications; bearing fatigue 
tests are already called for in some cases. 


The Gear Rig as an Oil Tester 


A “gear rig” is a machine for testing gears or gear 
lubricants, generally smaller in scale than the engine 
or device for which it substitutes, but sometimes con- 
sisting of parts of the main device, such as a back-to- 
back rig made up of two standard reduction gear sets. 
The feature of the gear rig is that gears are used as 
test specimens. Why use gear rigs for oil testing? 
While the final answer always comes from a full scale 
test, it is manifestly impossible to do all our testing 
in the main gearset, so we require bench rigs of some 
kind for development work, screening tests, and batch 
acceptance tests. 

Many attempts have been made to correlate sim- 
ple bench tests with the main gears, with very little 
success. Experimenters are almost unanimous in con- 
cluding that a performance test using gears is there- 
fore required. Watson (Int’] Gear Conf. 1957) re- 
viewed this question again and stated: “A particular 
feature of lubricant testing machines is their apparent 
inability to agree in the ranking of a series of oils.” 
Again, Mansion (1) after much experience concluded 
“It would seem that the best method of testing gear 
lubricants is by lubricating gears with them.” 

Further justification is hardly needed since a 
number of current oil specifications require gear lubri- 
cating properties to be demonstrated in a standardized 
gear rig. 





Presented before the ASLE Gear Symposium, January 1959 at Chicago, 
Illinois. 
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by Earle A. Ryder 


West Hartford, Connecticut 


GEAR RIG TESTS IN OIL SPECIFICATIONS 


Gear failures influenced by the lubricant are scuf- 
fing, which is a quickly occurring surface failure con- 
sisting of local welding and tearing apart, and pitting, 
which is a surface fatigue failure and generally takes 
some time to develop. Gear rig tests for anti-scuff val- 
ues are required by present specifications in the U.S.A. 
(using Pratt & Whitney or Ryder test) for lubricants 
such as MIL-L-7808 Aircraft Turbine Engine Oil, 
Synthetic, and MIL-L-17331 (Ships) Steam Turbine 
Lubricating Oil. Similarly, British Specifications call 
for the use of the IAE gear machine in DERD-2487 
Aircraft Turbine Engine Lubricating Oil, Synthetic. 
and Admiralty E. in C. No. 0-6 Steam Turbine Lu- 
bricating Oil OEP-90. 

In addition to scuffing tests, tests of the effect of 
the lubricant on the fatigue of gears will soon be in- 
corporated in some oil specifications. Later in this 
paper it is shown that the life of gears may vary by 
10:1 when using different oils. The fatigue effect in ball 
bearings would be expected to be like that in gears, 
and in fact this is recognized in specification MIL-H- 
19457 (Ships) Hydraulic Fluid, wherein as part of the 
qualification tests the lives of certain angular contact 
ball bearings must be measured while running on the 
test fluid, and compared with lives of similar bearings 
run on a reference fluid. 

Whereas in the U.S.A. and England gear rig tests 
are now required only for some jet engine oils and 
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some ship gear oils, in Germany hypoid gear oils are 
subjected to similar tests in the FZG rig, which is 
somewhat like the IAE. 


GEAR RIG TYPES 


Various designs of gear rigs have been used, most 
of them employing spur gears. They are used for test- 
ing lubricants for spur or bevel gears, although the 
FZG rig, as already noted, is being successfully used 
for hypoid gear oils. A helical gear machine with shafts 
set at 15 degrees from each other was used by Wicken- 
den (2) to stimulate hypoid gear action, but it has not 
come into general use. 


TABLE 1. CHARACTERISTICS OF SOME GEAR RiGs 





WEST- 
THORN- SHELL ERN 
Name I.A.E. TON FZG DEV RYDER{ GEAR 


Reference (3) (4) (10) (5) 

Center Dist.,in 3.25 5.0 356° 320 3.5 2.0 

Gear Face, in 0.188 0.428 0.79 0.25 0.25 0.375 
no. Teeth 15-16 24-26 16-24 17-19 28-28 32-32 
Dia. Pitch 4.769 5 5.65 6 8-10 16 


H.P. of Drive 4.5 30 40 40 40 
Max. Speed, 
rpm 6000 12000 12000 30000 15000 30000 


Max. Load, lb 

per in width 12800 5000 4200 7080 5000 6000 
Load applied 

while running no no no ves yes yes 





tNote: In accord with current usage, the Pratt & Whitney 
Aircraft Gear and Lube Tester will be referred to as the Ryder 
rig. 


The main features of six familiar machines are 
shown in Table 1. All are of the power-circulating 
type: there are two basic differences among them, 
namely, the method of applying load to the gear 
teeth, and the use of hunting or non-hunting teeth. In 
the IAE, FZG and Thornton machines, the load is 
applied while the gears are not turning and cannot 
be adjusted after starting a run. In the Shell, Ryder, 
and Western machines, load can be changed while run- 
ning; this is at least a convenience, and there is some- 
thing to be said for not starting under full load. 


CORRELATION WTH MAIN GEARS 


By correlation in this context it is meant that the 
gear rig should rank oils in the same order of merit as 
the main gearset, not that the exact load the main 
gears can carry should be predicted. 

On the question of correlation the situation seems 
to be good, in that the IAE machine interprets Brit- 
ish aircraft engine requirements and the Ryder ma- 
chine satisfies the American engines. Correlation of 
the two machines, using the same test oils, has not 
been very good; this may be largely due to the una- 
voidably large scatter in ratings from both machines. 
At any rate, both machines are in use in their respec- 
tive fields, and nothing has been offered to replace 
them. Information is lacking about the other machines 
listed. 


Journal of the American Society of Lubrication Engineers 





TABLE 2, SAMPLE ScuFFING TEST CONDITIONS 

Test RYDER (6) IAE (7) 
Speed, rpm 10000 2000, 6000 
First load, lb per in width 371 610 
Load added, each step* 371 305 
Length of each run, min 10 5 
Rest between runs, min nis 5 
Oil flow to test gear, cc per min 270 284, 568 
Oil in temperature, deg F 165 230 
Failure criterion, per cent of tooth 

scuffed 22} 100 





*FZG adds increasing load increments 
**not specified 


RANGE OF CONDITIONS POSSIBLE 


The ranges of conditions possible in the listed rigs 
are not widely different. Choice of conditions and pro- 
cedure are fully as important as apparatus, and Table 
2 compares some standard test conditions for the IAE 
and Ryder machines. Much more drastic conditions 
may be chosen, since some machines in current use 
can be run at temperatures to 700F, and at high speeds. 
Test requirements can be made much more severe than 
they now are, without redesigning the basic test equip- 
ment. 

In the Ryder machine induction heating of the 
test gears may be used as shown in Fig. 1, along with 
high oil squirt temperatures. So long as the temperature 
of the oil supplied to the plain bearings of the machine 
is kept down, the gears and the test oil may be run 
very hot. A roller bearing modification of the rig for 
high speed use has been built by Southwest Research 
Institute and is undergoing shakedown tests. 





Fig. 1. Ryder Gear Head with induction heating coil. 
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REPEATABILITY 


Although the gear rig provides a usable test, the 
precision of the oil ratings obtained is not as good as 
might be desired; considerable unavoidable scatter is 
present. (This is true for the main gears too, but since 
so few tests on them are reported, it is not generally re- 
alized.) 


The scatter of results of either scuffing or fatigue 
tests cannot be eliminated and is something one must 
live with. Gillett, (8) one of the greatest authorities on 
engineering materials, said “Seatter is the primary, 
underlying problem in the use of engineering materi- 
als.” Referring to wear testing, (and the present paper 
discusses a form of wear, as influenced by the lubri- 
cant), Gillett stated, “Adjusting the test method so it 
will give reasonably reproducible results on the same 
material is difficult; selecting test conditions so that 
tests place materials of known performance in serv- 
ice, in the right order is more difficult; and interpre- 
ing test results on a new material into terms of future 
service behavior, most difficult of all.” 


Although the gear rigs are not used to predict full 
scale performance but rather to compare one oil with 
another, one can only be confident of detecting large 
differences between oils and must not try to read any 
hair-splitting conclusions into the results. 


The prevailing test rigs are for measuring rela- 
tive, not absolute values. Errors are present, due to 
bearing friction, hydraulic effects, etc., but for routine 
testing it is not necessary to correct for all of them. 


Since the aim is only to compare oils, and usually 
to compare untried oils with the oil employed in ex- 
perimental development of the main gearbox, it would 
seem that a reference oil scheme might be feasible. 
This would in principle be similar to the procedure for 
knock rating of gasoline, which is also done in a small- 
seale, bench, performance test. The variation or scat- 
ter in oil rating tests is partly due to changes or dif- 
ferences in the apparatus used. Supposedly any such 
change might affect different oils in the same way, and 
if so the reference method would minimize its effect 
on ratings. Unfortunately this promise is not alwavs 
realized, as test data frequently show less spread in 
absolute values than in relative ratings. 


Dealing with the scatter problem simply involves 
recognition of the fact that the confidence of a single 
test is low, and confidence increases as replicate tests 
are added. Using a reference scheme does not change 
this basic principle. 


Two ways of dealing with the scatter problem are 
illustrated by different issues of specification MIL-L- 
7808. 7808C calls for eight determinations of load- 
‘arrying capacity in the qualification test, and re- 
quires 1870 ppi (pounds per inch width of gear) mini- 
mum. For the batch acceptance test, however, the 
minimum load requirement is scaled according to the 
number of tests made, as follows: (read first and sec- 
ond columns) 
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No. of Per cent 


determinations Av. results, ppi of reference B 
2 2100 78 
4 1990 74 
6 1930 72 
8 1870 70 


Thus a statistical basis is used for recognition of the 
scatter effect. 

The current procedure, 7808D, includes the use of a 
standard reference oil, and a relative rating of each 
test oil is obtained as a percentage of the reference 
oil rating on the same machine. The third column, 
above, shows minimum requirements. Certain rules 
are established for determining the reference oil rating 
to be used. As noted above, this system may not re- 
sult in more accurate ratings. 


STANDARDIZED CONDITIONS ARE IMPERATIVE 


Physical science is based on the belief that nature 
is orderly; that is, that the same cause will always 
produce the same effect. In a-random process such as 
wear, variations will always be present, but excessive 
variation in test results indicates a failure to keep all 
conditions constant. 

Great effort has been made to improve the repeat- 
ability and reproducibility of tests. Changing the test 
conditions or apparatus have little effect. The con- 
stants such as speed, oil flow, oil temperature, load, 
test gears, etc., must really be held constant; moreover, 
the assembly and maintenance of the apparatus must 
be done in a controlled manner. For instance, a change 
in the exact torque used to screw on the housing cover 
nuts can alter the indicated scuff load by varying the 
alignment and, hence, the friction of the bearings. 


TEST GEARS—SUPER GEARS 


In using gears as test specimens it seems important 
to have all the gears alike as to geometry, chemistry, 
and metallurgy as one would expect that the varia- 
tions in results would be less if the variation in gear 
characteristics were smaller. To determine the impor- 
tance of geometry, Southwest Research ran a series of 
tests on two lots of gears, one from regular production, 
and the other specially selected to master gear limits, 
for tooth form, spacing, concentricity, etc. The super 
gears had a higher scuff limit, but more scatter than 
the standard gears. However, this does not prove that 
the gears should be made worse rather than better. 

While the Ryder gears have unmodified involute 
form, the IAE gears have tip relief, which is also a 
feature of full-scale practice. Since it is desired to 
have precisely the same tooth form on all gears of a 
kind, rather than to demonstrate the maximum load 
capacity, the true involute form has some advantages. 
Tip relief does not improve repeatibility. 

Among the machines listed in Table 1 there are 
only two principal differences, namely, the method of 
applying load to the gear teeth, and the use of hunt- 
ing or non-hunting teeth. These differences may ac- 
count for difficulty in matching results from different 
machines, but should not have any influence on re- 
peatability. 
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An advantage of non-hunting teeth is that one or 
more bad teeth do not print all the way round on the 
mating gear, since each tooth meshes with only one 
tooth of the other gear. With the best of hard gears 
perhaps 10 per cent or so out of a lot of tests will 
show slight eccentricity or a couple of proud teeth. 

The FZG gears are what might be called part- 
hunting. Any two opposite teeth of the 16-tooth gear 
engage three particular teeth of the 24-tooth gear and 
no others. As might be expected, scuffing is progressive, 
much as in the Ryder test. 


CRITERION OF FAILURE—END POINT OF TEST 


It is noteworthy that for scuffing tests different 
people have all arrived at the same general procedure, 
which is to run the gears under a constant load for a 
short time (5 to 10 min.), stop the machine to examine 
the gear teeth, then run for another period at a higher 
load and so on until a certain amount of scuffing is 
observed. 

Among the many things that affect the reliability 
of a test, none is more important than establishing a 
definite end-point, or failure load. The manner in 
which the end point is determined in the tests under 
discussion will be considered. In the case of unequal 
gears (hunting teeth) the manner of failure of the 
gear tooth surface seems to be quite different from 
that which occurs with non-hunting teeth. In scuffing 
tests on the IAE machine, for instance (hunting), 
little or no distress is shown as the load is progres- 
sively increased, until a critical point is reached when 
smoke appears in the gearbox, torque increases, and 
when examined at rest the gears are generally scuffed 
on approach and recess portions of all teeth. On the 
other hand with equal gears (as in Ryder test) some 
scuffing may occur at the tip and root of the teeth at a 
fairly low load. With most oils this scuffing will not 
increase in extent even if the run is continued for a 
long time. When the load is increased, however, the 
scuff area becomes larger, as is likewise the case in 
full-scale gears. It is therefore necessary to fix upon 
a certain degree of scuffing or a certain area of scuffed 
teeth as the criterion of failure or the end-point of the 
test. An arbitrary figure of 2214 per cent of the work- 
ing area of tooth face was proposed many years ago, 
and is in general use. This is equivalent to 74 of the 
teeth scuffed on 14 of their area. 

It would seem offhand that the catastrophic scuf- 
fing of the IAE gears would signal a definite and 
reliable end to the test, but after long experience, prac- 
titioners are still far from agreement on the interpre- 
tation of IAE tests. Standard deviations reported for 
IAE tests are as large or larger than those usual for 
Ryder tests. It is safe to say that there is no substan- 
tial difference in the usefulness of these two tests in 
their respective fields. 

As noted above, very accurate or super gears have 
been found to raise ratings, but if anything, to increase 
scatter. Tip relief, used in IAE gears but not in Ry- 
der gears, does not improve the precision of tests, al- 
though it lowers the slope of the scuff vs load curve; 
that is, scuffing increases more slowly as load is added, 
than with true involute gears. 
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INTERPRETATION OF TESTS—RATING OF OILS 


There remains one factor that has not been re- 
duced to mechanical terms, and this is the decision as 
to when the agreed-on degree of scuffing is reached. 
This is an operator decision. 

In the case of the hunting tooth machine the op- 
erator has only one decision to make, and that is 
whether the gears are scuffed or not scuffed. He may 
remember the scuffing load for the previous run, and 
there will be a strong tendency to try to make the an- 
swer come out the same on successive runs. This may 
be unconscious but it is there just the same. With the 
other type of machine the operator has to examine 28 
teeth and write down a number for each one. He can- 
not know how his average is going to come out, and he 
cannot remember how all the teeth looked the time 
before, so an impartial assessment is probable. 

The Ryder test as described by WADC (6) is 
evaluated by visually estimating after each run or 
step, the per cent of the working area of each tooth 
that is scuffed (grinding marks obliterated). It is 
found that different operators agree closely on the as- 
sessment of a given gear. This is also true if they are 
inspecting photographs of the teeth instead of the 
actual gear. 

The test is continued in ten minute steps until the 
average scuff on all teeth is more than 40 per cent. A 
curve is then plotted on semilog paper, showing log of 
per cent scuffed vs load oil pressure. The intersection 
of this curve with the 2214 per cent line determines 
the load rating of the oil for the particular run. ‘There 
is no uniformity of the rate of progression of scuffing 
in different tests. The rate of progression of scuffing is 
a random effect, and it does not correlate with gear 
hardness, surface finish, or other variables. As a result, 
operators’ scuff curves have all possible shapes from 
straight lines to ogives. 

It might be suggested that a mechanical scheme 
for the analysis of scuff data would eliminate some 
variations that might reflect operator judgments in 
drawing the curves. This has been tried, making the 
assumption that a straight line on the semilog plot 
represents the data well in most cases, and locating 
this line by a least squares method. The author has 
recalculated many ratings by this means, generally 
without getting much change from the original op- 
erators’ ratings. 

An interesting feature is that the mathematically 
determined slopes of the scuff curves vary by a large 
factor, ranging between 3:1 and 10:1 for a series of 
similar tests. In other words, the increase of scuffing 
following a given increase of load is different for every 
test. This shows (if further evidence is needed) that 
a random effect is being dealt with that can never be 
tamed. One can never expect to get a precise answer 
from a single test. 

Does this conclusion make it useless to try to im- 
prove testing? Not at all. The case is simply that there 
are causes of error that can be abated, and other causes 
that nothing can be done about. It is important to 
eliminate the errors that can be avoided. 


OlL AND THE FATIGUE OF METALS 


Gear rigs have been useful in studying the fatigue 
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of metals, a subject which almost requires the use of 
bench, rather than full-scale, tests. The subject of wet 
fatigue, or the influence of the lubricant on surface 
endurance of gears, has barely been scratched. The 
literature frequently mentions wet fatigue, but usually 
as a side issue, and few suggestions have been made 
for dealing with it. Otterbein (9) for example, showed 
8:1 difference in the lives of roller bearings lubricated 
with different oils. Gear rig tests made by Pratt and 
Whitney Aircraft showed about 10:1 difference in the 
lives of gears. Current engines are designed to use cur- 
rent oils, but if oils could be picked out which would 
insure a 5:1 or 10:1 improvement in gear and bearing 
life, these parts could be made lighter and smaller. 
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Fig. 2. Avg. gear fatigue life vs Ryder scuff rating. 


Fig. 2 shows relative lives of similar gears, run 
in the presence of different lubricants. Each bar shows 
the average of four to six tests, and it is seen that a 
difference of 10:1 exists between the lowest and high- 
est lives. It is amazing that so little attention has been 
paid to this phenomenon, when the effect can be so 
great. It is nothing new, for the literature abounds in 
reports of tests of all kinds (tension, torsion, tri-axial 
stress, rolling contact) in which wetting the specimens 
with different liquids was accompanied by large differ- 
ences in fatigue lives. 

There is no doubt whatever that oils play some 
part in the fatigue of lubricated surfaces, but the 
mechanism is not yet understood. In the meanwhile an 
empirical approach will dictate gear and _ bearing 
fatigue tests, to select suitable, and reject unsuitable 
oils. 

Fig. 2 shows an apparent correlation between 
anti-scuff value and fatigue life. It should not be as- 
sumed that this is a general rule until many more data 
are recorded. The important fact is the enormous vari- 
ation in lives. One should also keep in mind that these 
data are valid for a certain set of conditions and per- 
haps can not be extrapolated to the main engine. 
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SUMMARY 
The questions that have been reviewed and their 
answers are as follows: 
Question: Why use gear rigs at all? 


Answer: Because no workable substitute has been of- 
fered. 

Question: Are present rigs obsolete, in view of new 
conditions? 

Answer: No, test conditions can be made much more 


drastic than they are at present, without 
much change in existing rigs. 

Question: Do rig tests correlate with full-scale experi- 

ence? 

Yes, well enough for a working basis; the 

IAE machine interprets British aircraft en- 

gine requirements, and the Ryder machine 

satisfies American engines. 

Question: What about repeatability? 

Answer: It is not too good, but can be improved 
somewhat. However, we shall always have 
to use a statistical approach. 

Question: Are present oil ratings meaningful? 

Answer: There is no doubt that the answer is yes. 
Many people are trying to improve the rat- 
ing process, and little by little some of the 
present difficulties will be overcome. 


Answer: 
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COMMENTS by V. N. Borsoff 


Shell Develop t Company, Emeryville, California 





Throughout Mr. Ryder’s paper “The Gear Rig as an Oil 
Tester” the scatter or poor reproducibility of results obtained 
with his gear rig was mentioned. Mr. Ryder explained this 
scatter by “randomness” of the scoring phenomenon and con- 
cluded that the scatter cannot be eliminated, and that we 
have to live with it. We still do not agree with this. In the 
writer’s recent paper, scoring is a reproducible phenomenon 





1 Borsof, V. N., “On the Mechanism of Gear Lubrication,” 
ASME paper 58-LUB-4 presented at ASLE-ASME Lubrication 
Conference, Los Angeles, Calif., Oct. 13-15, 1958. 
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and can be evaluated with a considerable degree of accuracy. 
The reproducibility, in our case, was attained by employing 
accurately constructed test gears, accurately aligning them 
throughout the test, using the addendum of the driver gear as 
a reference surface, and distinguishing between scoring, abra- 
sion, burnishing and other surface disturbances. Thus we also 
question Mr. Ryder’s statement that the scatter was higher 
with more accurate gears. 

It appeared also that the gradual development of scoring 
noted by Mr. Ryder with the non-hunting teeth combinations 
is not a peculiar property of the non-hunting teeth systems, 
but rather could be explained by inaccuracies of the gears used. 
If all the teeth were exactly alike they should be affected in 
the same manner. 


COMMENTS by P. M. Ku 


Southwest Research Institute, San Antonio, Texas 


As father of the gear test machine which bears his name, 
Mr. Ryder is responsible, basically more than anyone else, 
for the use of the gear rig as an oil tester in this country. 
Gear rig tests of one sort or another are now used, both in this 
country and abroad, to determine the scuff-limited load of lu- 
bricants for aviation, marine and other applications. Gear rigs 
are also being used to study the effect of lubricants on gear 
tooth surface fatigue or pitting. Because of the widespread 
use of gear rigs in lubricant testing, it is important that as 
much be known about the physical and statistical significance 
of the gear rig tests as possible. For this reason, Mr. Ryder’s 
authoritative appraisal of the state of the art is most timely 
and welcome. 


The writer’s organization has been engaged in the develop- 
ment and refinement of gear lubricant tests for several years. 
Some of the results of our work on gear tooth surface fatigue 
have been reported in a recent paper. (1) The present discus- 
sion will be concerned only with tests which may broadly be 
described as scuffing or wear tests. In presenting our views on 
this subject, my purpose is—as the Chinese say—merely “to 
add small ornamentation to a work of art.” I only hope that 
these ornaments will not be found entirely superfluous. 


First of all, I do not believe that any one will argue seri- 
ously with Mr. Ryder about the use of gears as test specimens 
in interpreting gear lubricant performance. Call it a model test 
or the empirical approach if you wish, we know of no better 
way to handle the problem today. But in order to apply the 
model test properly, we must observe certain rules of the game. 
We must carefully select the design and operating conditions 
for the model to suit the problem at hand. Unless we have 
proof to the contrary, we cannot assume that the results ob- 
tained for one set of conditions will automatically apply to 
another set of conditions. This point has been well empha- 
sized by Mr. Ryder. 


Now, the converse of the above argument also seems to 
merit some attention. It is that, unless proven otherwise, we 
must be cautious in applying the results obtained under 
different sets of conditions to basically the same problem. This 
brings to mind two related questions about the Ryder gear 
machine and the IAE gear machine: 1. Which machine 
(granting proper operating conditions) gives better correlation 
with actual service, and 2. Do they give results that correlate 
with each other? Mr. Ryder has commented on the design 
differences of the two machines, as well as the different criteria 
for defining lubricant “failure.” In view of these differences, 
one may wonder as to which machine or test method speaks 
better for any given application. In raising these questions, 
I am not suggesting that if one machine is satisfactory, then 
the other must necessarily not be. Perhaps both are satis- 
factory with, say, suitable choice of operating conditions; 
but this point needs yet to be firmly established. Further, if 
both are satisfactory, then their results should correlate with 
each other, but data of this type are, as Mr. Ryder states, 
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not yet in evidence. It seems that these questions should be 
answered, one way or another. 


We now turn to the question of test precision. Here, we 
are in general agreement with Mr. Ryder, and some of the 
data that we have collected may be of interest. 
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Fig. A. Repeatability of the standard Ryder gear test for determining 
scuff-limited load. Repeatability refers to variability of results 
associated with single test rig. 


Figure A presents data on the repeatability of the stand- 
ard Ryder gear test. The term “repeatability” is used here 
to indicate the variability of test results associated with any 
single test rig. The data are drawn from tests conducted by 
the writer’s organization as well as results reported by a 
number of laboratories participating in a series of coopera- 
tive test programs initiated by Wright Air Development 
Center (WADC). In this figure, the ratio of standard deviation 
to average rating is plotted against the average rating. Note 
that this ratio remained nearly constant at 0.09 over a wide 
range of rating level. 

















a2 T T T T T T T 
‘“ © MINERAL OILS 
= ® SYNTHETIC OILS 
S = 4 
x WADC 
ui COOPERATIVE 
> PROGRAMS 
= OIF ° Ey ° 
rf a mapa o 
° aise +4 
o a SWRI RIGS 
i 
” 

10) 1 rn iil 1 1 4 it 
1500 2000 2500 3000 3500 


AVE SCUFF-LIMITED LOAD,LB /IN 


Fig. B. Reproducibility of the standard Ryder gear test for determin- 
ing scuff-limited load. Reproducibility refers to variability as- 
sociated with the average results obtained from the different 
test rigs. 


In Fig. B, data on the reproducibility of the standard 
Ryder gear test are presented in a similar manner. Here, 
reproducibility refers to the variability associated with the 
average results obtained from different test rigs. Note that 
the ratio of standard deviation to average rating remained 
nearly constant at 0.085 over a wide range of rating level, 
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on the basis of the WADC cooperative test programs. The 
fact that a somewhat better reproducibility was realized at 
SwRI seems to reflect the benefit of more rigid control over 
equipment and test procedure details that are more readily 
obtainable in a single laboratory. For the sake of clarity, the 
actual points for the data from the writer’s organization’s 
tests are not shown in this figure. 


Table A shows the effect of test gear tolerances on the 
Ryder gear rating. All tests were conducted on the same 
machine at SwRI, using test gears of standard Ryder gear 
geometry, but of different tolerances. The “early model test 
gears” are standard Ryder gears available up to the early 
part of 1956. The “late model test gears,” those produced after 
the above date, are identical to the early model test gears 
except for improved concentricity. The “special precision 
gears” refer to gears selected from the standard production 
lot to give tolerances of the “master gear” class. It will be 


TasLe A. Errect or Test GEAR TOLERANCES ON THE 
RypeErR GEAR TEST 








EARLY 
MODEL LATE MODEL SPECIAL 
TEST TEST PRECISION 
GEARS GEARS GEARS 
Gade 1065 Ave. Rating 1950 2400 — 
(MIL-L-6082) Std. Dev. 157 189 — 
Std. Dev./Ave. 0.08 0.08 — 
o' “A” Ave. Rating 2360 2930 — 
(MIL-L-7808) Std. Dev. 218 365 — 
Std. Dev./Ave. 0.09 0.125 _ 
Oil “B” Ave. Rating 2200 = 2690 
(MIL-L-7808) Std. Dev. 154 — 280 
Std. Dev./Ave. 0.07 — 0.105 





noted from Table A that improved gear tolerances increased 
the rating level, but at the same time increased the scatter 
of the test results. Note that for all data presented in 

Table A, the ratio of repeatability standard deviation to 
average rating was nearly constant at 0.09. This seems to 
suggest that, within the range of tolerances encountered, im- 
proved gear tolerances had little effect on the degree of test 
repeatability. 


We have also examined the precision of a few other test 
methods. It was argued that the poor repeatability of the 
standard Ryder gear test might have been due partly to the 
normal variability of the test gears. It appeared that a com- 
parative rating procedure, whereby the performance of the 
test lubricant could be compared with that of a reference oil, 
by using the same mating side of the test gears in the same 
test rig, would alleviate this objection. 

Fig. C shows the principle of a “comparative scuff test” 
that we studied. First, we ran the test using a reference oil, 
following the standard Ryder gear test procedure, up to 24 
psig load oil pressure (or up to some arbitrary gear tooth 
load). After ten minutes at this load, the average per cent 
scuff on the gear teeth was visually determined. The oil system 
was then drained and flushed, and the test oil introduced. 
The test was then repeated with the test oil, using the same 
mating side of the test gears, to a load oil pressure giving 
at least 50 per cent average scuff. The load oil pressure at 
which the increase in scuff obtained with the test oil was 
equal to the scuff obtained on the reference oil at 24 psig load 
oil pressure, was determined from the scuff versus load oil 
pressure plot. The scuff-limited load was then computed. 

We also experimented with a comparative wear test, which 
employed essentially the same technique except that the rating 
was based upon wear or metal removal (measured by radio- 
active means), instead of scuffing. 
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Fig. C. Plot showing the principle of the “comparative scuff test.” 


TABLE B. PreEcIsION OF SEVERAL Test METHODS 





STD. DEV./AVE. RATING 








TEST METHOD REPEATABILITY (REPRODUCIBILITY 
Ryder Gear Test 0.09 0.085 
Comparative Scuff Test 0.07 0.11 
Comparative Wear Test 0.07 — 

Borsoff Test 0.085 — 





A comparison of the repeatability and reproducibility of 
the above test methods is presented in Table B. This table 
also shows the repeatability of the gear test described by 
Borsoff (2), based on limited data contained in a recent paper. 
It is well to emphasize that Table B includes data on a rig 
using hunting teeth (Borsoff), and one using non-hunting teeth 
(Ryder). In the case of the latter rig, test methods of entirely 
different principles were used. Yet all these methods gave 
approximately the same fractional repeatability. This would 
seem to indicate that the inherent precision of this class of 
tests as they now stand is not much affected by the test 
equipment, test gears or test procedure. It is likely that the 
scatter obtained with such tests is largely the result of the 
randomness of the wear or scuffing process. 


Table B also shows that the reproducibility of the stand- 
ard Ryder gear test and the comparative scuff test, both based 
on the average results reported by laboratories participating 
in the WADC cooperative test programs, were roughly equal. 
It is believed that significant improvement in reproducibility 
is possible through strict standardization of the test equipment 
and test procedure. This possibility is suggested by the SwRI 
data presented earlier in Fig. B. 
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Comparison of Dynamic and Static 


Irradiation Tests of Aircraft Fluids 








Four examples of dynamic and static irradiation 
of aircraft fluids are presented. The dynamic samples 
were irradiated while operating in component aircraft 
systems. The static samples were placed to receive 
approximately the same integrated flux dose. Static 
and dynamic results were divergent. 

Such standard evaluation tests as viscosity, spe- 
cific gravity, and index of refraction indicated that 
breakdown of the fluid was accelerated by operating 
in a nuclear environment. Predictions of the service 
life of these particular fluids could not be based on 
static irradiation. Changes generally occurred most 
often in the viscosity and neutralization number of the 
fluids. 


Most of the data published to date on the proper- 
ties of irradiated fuels, fluids and lubricants have been 
obtained with gamma sources under static conditions. 
Although these laboratory measurements are an ex- 
cellent method of preliminary screening, they are poor 
indicators of a product’s behavior in a system operat- 
ing in the mixed radiation field of an aircraft power 
reactor. As shown by the results reported in this paper, 
dynamic tests in a reactor radiation environment are 
essential because the static gamma tests do not re- 
flect what occurs in flight. 

The data reported here were obtained in conjunc- 
tion with a System Panels Test. In this test (1), ad- 
vanced aircraft systems were operated for 500 hours 
in the proximity of the Ground Test Reactor (GTR). 
Dynamic conditions were similar to those which the 
systems would encounter in flight. Inasmuch as these 
systems contained fuel, fluid, or lubricant, it was a 
simple matter to remove test samples of these sub- 
stances at intervals during the irradiation. To check 
the dynamic results, static samples were placed so 
that they would receive approximately the same inte- 
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grated flux as the bulk of the fuel, fluid or lubricant in 
operating aircraft equipment. Only in a very few in- 
stances did the results from static and dynamic tests 
coincide. The characteristics of some of the static sam- 
ples changed in one direction while those of the dy- 
namic samples changed in another. Four cases, which 
seem typical of the spread in results, have been se- 
lected for discussion. 


TEST ON MiIL-L-7808C 


The first case deals with an oil meeting specifica- 
tion MIL-1-7808C (Lubricating Oil, Gas Turbine, 
Aircraft) which was operated in a jet engine gear box 
(1). The results are shown in Table 1. The gear box 
was to be operated in a nuclear field for 500 hours or 
until system failure. The failure occurred at 232 hours. 
A similar gear box used as a control operated for the 
full 500-hour operation cycle without malfunction or 
lubricant failure. 

A lubricant failure is indicated at 1.5 « 10!* neu- 
trons/em? (232 hours of operation). At first, it was 
thought that dilution had occurred from a nearby 
JP-4 fuel reservoir, but subsequent testing eliminated 
this possibility. At the same time as, or shortly after 
the lubricant failure, the gear box failed through gear 
fatigue. As can be seen in Table 1, the decrease in 
viscosity and the rise in neutralization number were 
excessive. The static sample of MIL-L-7808C oil, 
which was subjected to 500 hours of irradiation or 
nearly double the time of the dynamic test oil (the 
final 250 hours being at a much higher reactor power 
level), did not exhibit the same degradation. Although 
the neutralization number climbed in the same degree 
as the dynamic sample, the viscosity did not decrease 
but rose slightly. The other properties remained essen- 
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TaBLe 1—Errect oF RaDIATION ON MiL-L-7808C 
(Lubricating Oil for Aircraft Gas Turbine) 

















SAMPLE TOTAL TOTAL VISCOSITY NEUTRAL- BROMINE SPECIFIC 
NUMBER NEUTRON FLUX GAMMA DOSE @ @ IZATION NUMBER GRAVITY 
(10% N/em?*) (10° Roentgen) 100°F, Cs 210°F, Cs NUMBER @60/60°F 
Control 0 0 13.84 3.70 0.33 0.0 0.9225 
1 0.61 ~ | 13.45 3.42 2.30 tee 0.9210 
2 1.14 3.9 13.39 3.40 2.30 1.65 0.9205 
3 1.49 5.2 13.43 3 sr 3.06 1.88 0.9205 
4 1.97 6.7 3.57 1.38 4.28 1.24 0.9220 
Static 10.25 35 15.03 3.58 5.99 2.20 0.9225 
Military 
Specs. 11.0 min. 3.0 min. 

















tially the same. It should be pointed out again that the 
integrated flux necessary to produce a given neutraliza- 
tion number change was much greater for the static 
than for the dynamic sample. 

It would have been impossible to predict on the 
basis of static irradiation data, how a MIL-L-7808C 
oil would function in a gear case. The characteristics 
of the static sample remained fairly constant and did 
not exhibit the radical changes which occurred under 
operating conditions. 


TESTS ON MiIL-L-6081B AND MIL-F-5624C 


The next case, which does not show as great a dif- 
ference between static and dynamic specimens, deals 
with a jet engine nose case which used both MIL-L- 
6081B (Oil, Lubricating, Jet Engine) Grade JP-4 (1). 


Unfortunately, there was a mechanical malfunction 
of the fuel pump after 232 hours of irradiation. This 
failure precluded further dynamic testing on the JP-4 
fuel. Data on the MIL-L-6081B Grade 1005 Oil and 
JP-4 Fuel, are presented in Tables 2 and 3 respectively. 

The MIL-L-6081B, Grade 1005 oil, operated sat- 
isfactorily for 500 hours in a nuclear environment. 
Both the dynamic and static samples received an in- 
tegrated neutron flux of 10.3  10'* neutrons/em? and 
a gamma dose of 3.5 « 10® Roentgen. Only two dif- 
ferences can be noted in the data on the final dynamic 
sample and the static sample: the bromine number 
of the static sample increased slightly and the neu- 
tralization number of the dynamic sample increased 
considerably. It is felt that in view of the difficulties 
encountered previously with the MIL-L-7808C oil, the 


TaBLe 2—Errect oF RADIATION ON Mi1L-L-6081B 
(Jet Engine Lubricating Oil—Grade 1005) 













































































SAMPLE TOTAL TOTAL VISCOSITY REFRACTIVE BROMINE NEUTRAL- 
NUMBER NEUTRON FLUX GAMMA DOSE @ @ INDEX NUMBER IZATION 
(10% n/c?) (10° ROENTGEN ) 100°F, Cs 210°F, Cs Np(20°C) NUMBER 
Control 0 0 5.18 1.64 1.4645 1-32 0.47 
1 0.61 2.1 4.97 1.74 1.4650 1.25 0.21 
2 1.14 3.9 5.00 1 63 1.4646 1.15 0.04 
3 1.49 5.2 5.00 1.62 1.4647 1.09 0.04 
4 1.97 6.7 5.01 1.61 1.4656 125 0.04 
5 3.42 12.7 5.02 1.64 1.4649 1.45 0.10 
6 5.16 17.6 5.03 1.64 1.4652 1.37 0.10 
7 6.6 22.8 5.04 1.68 1.4658 1.08 0.30 
8 8.28 28.3 5.29 1.68 1.4652 1.19 0.51 
9 10.3 35 5.45 1.71 1.4662 1.48 1.01 
Static 10.3 35 5.48 1.70 1.4650 2.79 0.15 
Military 
Specs. 5 min. 
TaBLE 3—EFFect OF RADIATION ON MiL-F-5624C 
(Aircraft Engine Fuel—Grade JP-4) 
SAMPLE TOTAL TOTAL SPECIFIC BROMINE NEUTRAL- BITUMENS REFRACTIVE 
NUMBER NEUTRON FLUX GAMMA DOSE GRAVITY NUMBER IZATION SLUDGE & INDEX 
(10" n/cm?) (10° ROENTGEN ) @60/60°F NUMBER WATER (%) Np(20°C) 
Control 0 0 0.7678 0.64 0.60 Trace 1.4222 
1 0.61 2.1 0.7640 0.62 0.13 0.1 1.4219 
2 1.14 3.9 0.7720 0.36 0.04 0.1 1.4242 
3 1.49 5.2 0.7657 0.68 0.04 0.1 1.4421 
Static 10.25 35 0.7480 1.52 0.07 Trace 1.4218 
Military 0.739 to 
Specs. 0.780 
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TasBiLe 4—Errect or RApIATION ON MiL-F-5624C 
(Fuel for Aircraft Jet Engines—Grade JP-4) 






































SAMPLE TOTAL TOTAL SPECIFIC BROMINE REFRACTIVE NEUTRAL- BITUMENS 
NUMBER NEUTRON FLUX GAMMA DOSE GRAVITY NUMBER INDEX IZATION SLUDGE & 
(10!* n/c?) (10° ROENTGEN) @60/60°F Np(20°C) NUMBER WATER (%) 
Control 0 0 0.7686 0.73 1.4305 0.20 0.0 
1 5.9 2.37 0.7732 0.98 1.4309 0.03 1.50 
2 ee | 4.44 0.7775 1.04 1.4340 0.06 0.86 
3 1.48 5.92 0.7715 0.75 1.4340 0.15 3.10 
+ 1.93 7.70 0.7698 1.47 1.4279 0.34 
5 3.63 14.5 0.7762 0.97 1.4390 0.21 4.20 
6 5.04 20.1 0.7766 — 1.4328 0.38 1.12 
7 6.52 26.0 0.7728 0.75 1.4388 0.39 2.10 
8 8.07 33.3 0.7765 0.92 1.4260 0.41 0.63 
9 10.0 40 0.7741 0.89 1.4378 0.50 Trace 
Static 10.0 40 0.7480 1.52 1.4218 0.07 Trace 
Military 0.739 to 
Specs. 0.780 
neutralization number was of greater significance than ficiently from the static sample to indicate that a “go” 
the bromine number. While it can only be conjectured, or “no go” prediction could not be based on the static- 
it is believed that a failure of the MIL-L-6081B oil ally irradiated fuel sample. 
was imminent. However, this oil did operate satisfac- 
torily for a 500-hour period in the absence of irradia- TESTS ON MIL-L-6085A 
tion. Thus, it may be concluded that irradiation of this . ; ; os ; 
svstem caused oxidation of the MIL-L-6081B oil Case four, which shows the difference between ir- 


radiated and non-irradiated dynamic systems con- 
In Table 3, very minor changes are observed be- tained MIL-L-60854 (Lubricating Oil, Aircraft In- 
tween the 200-hour dynamic sample (Sample No. 3) strument—Low Volatility) in the pneumatic panel (2) 
and the 500-hour static sample. As with MIL-L-7808C, under both irradiated and non-irradiated dynamic 
the integrated flux received by the JP-4 fuel static conditions. Table 5 contains the data obtained from 
sample was much greater than that received by the samples of this oil. One batch of oil was run under a 
dynamic sample. No trends were evident from the dy- non-irradiated condition and then drained. The sys- 
namic samples and no prognostication could be based tem was then refilled and operated in a nuclear en- 
on the static sample since its physical values changed vironment for the same length of time. While most of 
very little from those of the control sample. the changes were minor, the neutralization number in- 
: creased considerably. A static control sample was not 
TESTS ON MIL-F-5624C available for this system, so comparisons cannot be 

made between statically and synamically irradiated 
samples. Some MIL-L-6085A oil which is being ir- 
radiated statically at present, has not exhibited degra- 


which statie irradiation did not indicate. 


Case three deals with another fuel system using 
MIL-F-5624C (Fuel Aircraft and Jet Turbine) Grade 
JP-4 (3). The results differ from those discussed pre- 


viously on JP-4 fuel. These data are presented in dation. 

Table 4. Due to sampling procedures, the bitumens, CONCLUSIONS 

sludge, and water value for the final dynamic sample 

is not indicative of the amounts of “mayonnaise” type It is believed that the four cases discussed here 
sludge found in the fuel reservoir and throughout the are typical of the fluid data obtained for operating 
system after teardown. Conversely, neither sludge nor systems. Although the data which have been presented 
sediment was found in the static sample container. The are not sufficient for definite conclusions, the results do 
other changes in the dynamic samples differed suf- (Cont. on p. 340) 


TaBLe 5—Errect or RapiaTion ON Mit-L-6085A 
(Low Volatility Aircraft Instrument Lubricating Oil) 





SAMPLE TOTAL TOTAL VISCOSITY NEUTRAL- | BROMINE | POUR 
NUMBER NEUTRON FLUX GAMMA DOSE G@ @ @ IZATION NUMBER | POINT 
(10"* n/c?) (106 ROENTGEN) —65°F, Cs 100°F, Cs 210°F, Cs NUMBER (°F) 
Control 0 0 5313.5 14.91 3.85 0.41 3.98 —100 
Used Oil 0 0 5738.0 14.28 3.75 0.49 0.52 — 95 
(No Irradi- 
ation) 
Used Oil 9.6 20 6094.5 15.03 4.00 2.03 2.09 — 100 
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Development of Special Lubricants and Lubrication 


Practices For Small Apparatus 


Only by becoming thoroughly familiar with the 
functioning of any small piece of apparatus is it pos- 
sible to intelligently determine the kind of lubrication 
the apparatus requires. With such a background, the 
lubrication engineer is able to determine the type of 
lubricant required and its method of application. The 
development of specialized lubricants and lubrication 
practices often extends life manyfold, obviates relubri- 
cation in service, or if relubrication is necessary, may 
greatly extend the periods between relubrications. Two 
typical pieces of telephone equipment are used for 
demonstration purposes, and the methods of approach 
explained. 


Lubrication covers many fields of application 
from heavy equipment to watch or instrument parts. 
One of these fields is the small apparatus field repre- 
sented by telephone and electronic equipment, small 
motors, gear trains, timing devices and many other 
small mechanisms. 

By the development of specialized lubricants and 
lubrication practices, the life of such apparatus may 
be extended many fold, and often the initial lubrica- 
tion be made satisfactory for life. Or if relubrication 
is necessary during service life, then the number of 
relubrications may be cut to a minimum and the proc- 
ess of relubrication often made easier and more effec- 
tive. 

In cases where apparatus is duplicated by the 
thousands or millions such as switches, teletypewriters, 





Presented before the 13th Annual Meeting of the American Society of 
Lubrication Engineers, April 1958 at Cleveland, Ohio. 
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telephone dials, timing mechanisms, ete., the savings in 
initial costs due to extended life, and the savings due 
to reduced labor costs for maintenance, may be con- 
siderable, sometimes amounting to millions of dol- 
lars. In addition to the monetary savings involved, 
specialized lubrication obviates many service break- 
downs and often permits apparatus to run smoother 
and quieter. 

In order to specialize in lubrication, it is first of 
all necessary to become thoroughly familiar with the 
functioning of the apparatus and the service conditions 
encountered. This review is followed by an analysis of 
all wear points and any trouble conditions encountered 
in the past. With such a background of information, 
the requirements can be set, and measures taken to 
select and develop suitable lubricants. 

For demonstration, two pieces of telephone equip- 
ment have been chosen, a dial which is subjected to 
heavy duty conditions by telephone operators, and a 
step-by-step switch used in telephone offices for switch- 
ing calls from one subscriber to another. (The same 
approach can be just as well applied to any other 
piece of apparatus which justifies specialization.) 

A No. 5 type dial, as shown in Fig. 1, is a spring 
mechanism wound up by hand and released under the 
control of a governor to furnish electrical pulses for 
operating associated relays and switches. It has a cen- 
tral shaft, brass gears, brass, bronze and steel bear- 
ings, pulsing cams and a governor—altogether 13 
points to be lubricated. The tension of the spring is 
set and the governor adjusted to limit the speed to 
10 + 1 pulses per second at room temperature. Service 
conditions demand that the speed be controlled to these 
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Fig. 1. Number 5 type operator's dial showing parts to be lubricated. 


close limits. The dial is expected to operate for life 
without relubrication, under temperature conditions 
from +50 to 120F, in reasonably well-protected loca- 
tions. 


Examination of many dials which had failed me- 
chanically indicated that worn-out gear teeth and 
bearings, particularly the teeth of the intermediate 
gear and its bearing, were the chief causes of wear 
failures. However, on preliminary tests it was found 
that if the bearing wear were reduced, impact on the 
gear teeth from rotation reversal was reduced consid- 
erably, and gear teeth wear was practically elimi- 
nated. In the lubrication of a piece of apparatus such 
as this containing many lubrication points, it is usually 
found that if care is taken of the first few important 
points, the same lubricant will be more than adequate 
for the rest of the points. In the case of the dial, the 
order in importance of the first few wear points is as 
follows: 


1. Intermediate gear bearings. 
2. Governor bearings. 
3. Gears. 


From a casual look at such a piece of apparatus 
without previous knowledge of the problems, most de- 
signers or engineers would recommend lubrication 
With an instrument or low viscosity oil. A review of 
past trouble conditions encountered on dials which 
had been lubricated with an oil having a viscosity of 
approximately 40 centistokes at 100F indicates that 
the chief causes of trouble are lack of lubricant, leak- 
age of lubricant onto the governor braking surfaces, 
and rusting of the main bearing shaft. 

With this background of information the fune- 
tional requirements of the lubricant may be general- 
ized as follows: 
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1. It must not materially change dial speed 
throughout the operating temperature range. 

2. It must be sufficiently fluid to flow freely into 
the bearings. 

3. It must leave no gummy deposits. 

4. It must protect against corrosion. 

5. It must not creep onto the friction surfaces of 
the governor. 

6. It must prevent wearing of the parts and pro- 
vide the maximum possible life. 

7. It must provide smoother operation and _ re- 
duce noise. The 40 centistoke oil used in the past may 
meet the first three of the above requirements, but it 
sadly fails to meet the other four. The lubricant de- 
termined to be most satisfactory was a semifluid prod- 
uct considerably more viscous, consisting of a base oil 
having a viscosity of approximately 240 centistokes 
at 100F and four per cent calcium soap. 


Although the type of lubricant to be used is im- 





Fig. 2. Results of applying lubricant to dial gear teeth by special 
solvent dilution process, 
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Fig. 3. Results of original and developed lubricants on dial bearings. 
Left-original oil after 500,000 operations. Note excessive wear of in- 
termediate gear bearing. Right-viscous semi-fluid lubricant after 
1,000,000 operations. Note pool of lubricant around bearing. 


portant, its effectiveness is tied to how satisfactorily 
it can be applied in the right quantities to the places 
desired, and whether it will stay where intended. 

Fig. 2 shows lubricant applied to the intermediate 
gear by means of a solvent dilution process—note the 
reservoirs of lubricant between the gear teeth which 
feed oil gradually to the tooth surfaces. Due to the 
quantity applied and the location of this viscous lu- 
bricant, it has little effect on dial speed. Fig. 3-A 
shows the intermediate gear bearing of a dial after it 
had been lubricated with the original oil and the dial 
operated 500,000 operations—note the excessive wear. 
Fig. 3-B shows the intermediate gear bearing of a dial 
after it had been lubricated with the more viscous 
semi-fluid product and the dial operated 1,000,000 
operations. Note the pool of lubricant around the 
bearing. The wear in this case was negligible. The ap- 
plication process consisted of applying a carefully con- 
trolled quantity of the lubricant to the bearing with 
a special tool which could be used on the ,assembly 
line. After a few operations of the dial, a part of the 
lubricant worked its way down into the bearing, and 
the remaining lubricant served as a reservoir to re- 
plenish it continually. The viscous semi-fluid product 
had little effect on the speed of the dial because of the 
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Fig. 4. Extended dial life possible with improved lubricants. 


method of application to the gears and because of the 
small part of total torque absorbed by the bearings. 
This is an excellent example for demonstrating the 
importance of using the right lubricant and of apply- 
ing it in the right quantity, in the right place, at the 
right time. Each one of these aspects is essential. 


Fig. 4 shows the results of dial life tests using the 
two different lubricants. Dials lubricated with the 
original oil operated satisfactorily for approximately 
500,000 operations, while dials lubricated with the im- 
proved lubricant increased the life approximately ten- 
fold. Also with the improved lubricant, the dials op- 
erated more smoothly and from two to five decibels 
more quietly. 


LUBRICATION OF STEP-BY-STEP SWITCHES 


A step-by-step switch as shown in Fig. 5 is an 
electrical and mechanical mechanism which operates 
under the control of electrical pulses and switches con- 
tacts to desired locations. The switch may step up to 
any one of 10 levels and step around to any one of 
10 different locations by the associated number of 
pulses. It returns to its normal horizontal position by 
means of a spring and to its normal vertical position 
by gravity. Most of the wear points (23 in all) are 
marked in Fig. 5. They consist of a main shaft and 
bearings, vertical and horizontal ratchets, vertical and 
horizontal pawls, sleeve bearings and many small 
bearing surfaces. 

The approach to the lubrication of a step-by- 
step switch differs in many respects to the approach 
taken in the lubrication of the No. 5 type dial. First 
of all, the switch is expected to last for forty years 
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Fig. 5. Telephone step-by-step switch showing some of the lubricat- 
ing points, 


and no lubricant can be expected to last that long. 
Secondly, wear is not a serious factor in the switch, 
but keeping some lubricant on certain parts is essen- 
tial. The dial will satisfactorily run dry for a while, 
but the switch if allowed to become dry will soon 
‘ause trouble. This makes it mandatory to lubricate 
the switches periodically in service. 


In the case of the dial, the savings and benefits in- 
volved are due to the initial lubrication extending the 
life of the apparatus, thereby obviating replacements 
with new dials and the temporary trouble conditions 
developed by the malfunctioning of worn out dials. In 
the case of the switch, the major savings involved are 
due to cutting the number of relubrications to a mini- 
mum and making the process of relubrication as easy 
as possible, thereby reducing labor costs. 
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The switches operate within a temperature rang 
of 10 to 160F in reasonably well-protected locations. 
The order of importance in the lubrication of the 
switch parts is as follows: 


1. Main shaft bearings 
2. Vertical pawl 

3. Shaft extension sleeve 
4. Normal post 


A review of past mechanical trouble conditions 
which were encountered indicates that the principal 
ones were failure of the switch to return to normal due 
to a dry main shaft, sticking vertical pawls, wear of 
the shaft extension sleeve, and splashing of the lubri- 
cant from the main shaft bearing when the switch re- 
turned to normal. 

The functional requirements of the step-by-step 
switch lubricant are: 


1. It must permit the switch to return to nor- 
mal in less than .3 of a second under the 
worst service and temperature conditions. 

2. It will not cause gumming or sticking of the 
pawls. 

3. It must be sufficiently viscous or tacky to 
prevent dripping down the shaft onto the 
electrical connections. 

4. It must be sufficiently viscous or tacky such 
that it will not splash when the shaft drops 
from the top level. 

5. It must reduce wear to a minimum. 

6. It must be easy to apply with suitable tools. 

7. It must be reasonably visible so that in- 
spection will easily reveal whether or not the 
switch is lubricated. 

8. It must operate satisfactorily for the maxi- 
mum length of time possible without relubri- 
-ating. 
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Fig. 6. Time taken for switches to return to normal at various temper- 
atures using different lubricants. 


Some of the information pertinent to the job, ob- 
tained in the laboratories, is shown in Fig. 6, 7 and 8. 
Fig. 6 shows the time taken for a switch to return to 
normal after release, when lubricated with various 
lubricants. Service requirements demand that the 
switch return in less than 0.3 seconds. It will be noted 
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Fig. 7. Improved oxidation stability possible with improved lubricants. 


that lubricant A is satisfactory only down to 25F, lu- 
bricant B to 12F and lubricants C and D to tempera- 
tures much lower. Fig. 7 shows oxygen absorbtion 
tests on the old lubricant A and three promising new 
ones. This test has been found to correlate closely 
with oxidation and gumming of the lubricant in serv- 
ice. Lubricant A oxidizes rapidly and soon causes 
sticking of the switch pawls in service. Fig. 8 shows 
spreading tests of the old lubricant and some of the 
new ones tested. Excessive spreading may cause 
creepage onto electrical contacts and will leave less 
lubricant in the right place. The above information 
and a great deal more can be developed in the labora- 
tory before costly life tests on the apparatus need be 
made. 





Referring to the method of application and the 
ease with which relubrication can be carried out, it has 
been found that in many cases this warrants careful 
consideration, even to the extent of developing special 
tools, which will assure the right quantity of lubricant 
reaching the right place. In the case of the switch, a 
small No. 4 camel’s hair brush has been found to be 
most suitable. By means of the brush a film of lubri- 
cant can be easily applied to the ratchet surfaces, and 
reasonably controlled quantities applied speedily to 
the many other parts. 

Final tests of step-by-step switches carried out 
under field conditions, indicated that the relubricating 
period of six months using the old lubricant, could 
be extended to two years with the new, thereby elimi- 
nating three relubrications every two years. Consider- 
ing a man lubricates switches at the rate of twelve 
per hour, and there are approximately six million 
switches in service involving sono = 500,000 man 
hours each time they are relubricated, the savings in- 
volved are considerable and well warrants specializa- 
tion. 

These savings may be unusual, but the technique 
of developing the right lubricant to suit the apparatus 
and its conditions and of recognizing the extreme im- 
portance of the other three R’s of lubrication, can be 
applied to many other things with surprising success. 


SUMMARY 


By a careful analysis of the functioning of a piece 
of apparatus, the principal wear points and the rea- 
sons why it first of all fails, it is often possible to de- 
velop suitable lubricants which, when applied in proper 
quantities in the proper places, will extend life many- 
fold or considerably extend the periods between relu- 
brications. 


NEW LUBRICANTS 





Fig. 8. Typical spreading tests on step-by-step switch lubricants. Con- 


dition after one week at 160F. 
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6 i e Wider application—almost universal application to 
grease-lubricated equipment in plants of all sizes 
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0 > onl e Excellent performance at very high to extremely 
{ low operating temperatures 
— 
> e Reduced losses from lubricating error 
> : 6 


e Lower costs of warehousing and handling 
e Outstanding rust protection for all ferrous surfaces 


e Unusual stability against oxidation and softening— 
even under very rugged conditions 


e Easy, positive identification—thanks to Atlantic 
Lubricant 54’s distinctive purple color 


Available from conveniently located warehouses. Call any of the 
Atlantic offices listed below. 


PHILADELPHIA, PA. SYRACUSE, N.Y. 
260 So. Broad St. Salina and Genesee 
Streets 
PITTSBURGH, PA. 
Chamber of Commerce READING, PA. 
Building First and Penn Avenues 
PROVIDENCE, R.!. CHARLOTTE, N.C. 
430 Hospital Trust Building 1112 South Boulevard 
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Method of Grease Manufacture with Com- 
bined Oil Quench and Recycle Cooling, Pat- 
ent #2,876,198 (R. C. Givens and H. J. 
Pitman, assignors to The Texas Co.) 
The method of grease manufacture 
which comprises providing a molten 
homogeneous mixture of a lithium hy- 
droxy fatty acid soap and an oleaginous 
liquid in grease forming proportions at 
an elevated temperature above the melt- 
ing point of the soap, and controlling 
the crystallization of the said soap dur- 
ing cooling by continuously withdrawing 
a stream of relatively small volume 
from a maintained agitated body of the 
said mixture and passing the said stream 
through an external cooler back to the 
said maintained body of the mixture 
while the said mixture is cooled from a 
temperature above the melting point of 
the soap to a temperature below the 
melting point of the soap and until sub- 
stantial gelling has occurred, and simul- 
taneously quenching the said mixture at 
a temperature above the melting point 
of the soap by introducing a relatively 
cool oil comprising a minor proportion 
of the total oleaginous component of the 
finished grease. 

Lubricants, Patent #2,876,199 (J. I. Was- 
son and W. C. Howell, Jr., assignors 
to Esso Research & Engineering Co.) 
An improved open gear lubricant having 
a viscosity of 1,000 to 6,000 sus at 210F 
consisting essentially of a blend of from 
about 40 to 60 wt per cent of an as- 
phaltic material selected from the group 
consisting of reduced and oxidized as- 
phalts with about 60 to 30 wt per cent 
of a highly aromatic solvent extract oil, 
said extract oil having a viscosity of 
210F of about 60-360 sus, a viscosity 
index of from about —40 to —330 and an 
aniline point between about 90 and 
120F, percentages being by weight based 
on the weight of the total composition. 
Multifunctional Lubricant Additives, Patent 
#2,876,213 (J. H. Bartlett and W. C. 
Hollvday, assignors to Esso Research & 
Engineering Co.) An oil soluble polymer 
of an unsaturated ester, said polymer 
having the property of reducing the pour 
point of a phenol Mid- 
Continent distillate having a_ viscosity 
at 210F of 45.6 sus and a viscosity index 
of 100 by at least 5F in 0.05 per cent 
concentration therein. 

Stabilized Calcium Fatty Acid Base Grease, 
Patent #2,877,181 (J. P. Dilworth, K. 
Uhrig, and H. C. Becker, assignors to 
The Texas Co.) A_ stable anhydrous 
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calcium grease comprising an oleaginous 
lubricating base as the major component, 
a calcium salt of a Cy to Cx unsub- 
stituted fatty acid as the thickening agent 
and 0. to 3 weight per cent of a com- 
pound selected from the group consisting 
of an estolide of a hydroxy fatty acid 
containing 12 to 24 carbon atoms, a cal- 
cium salt of said estolide and a mixture 
thereof, said estolide having an average 
molecular weight between 500 and 3500, 
said grease having been shock cooled 
from a temperature of 190 to about 
100F. 
Organosilicon Lubricants, Patent #2,877,182 
(J. J. May, assignor to Dow Corning 
Corp.) As a composition of matter a 
mixture consisting essentially of (a) a 
fluid organopolysiloxane and (b) 025 to 
5 per cent by weight based on the silox- 
ane of a halogenated fatty acid of 1 to 
12 carbon atoms. 
Method of Preparing Neutral Oils, Patent 
#2878181 (G. W. Ayers and W. A. 
Krewer, assignors to The Pure Oil Co.) 
The process of preparing petroleum oils 
of low neutralization number’ which 
comprises treating said petroleum oil 
with a basic nitrogen compound capable 
of amide formation in the presence of 
N, N’-dicyclohexylcarbodimide and sepa- 
rating the oil phase from the reaction 
products. 
Hydrocarbon Resistant Glycerol Base Lubri- 
cant, Patent #2,878,184 (W. A. March, 
assignor to Rockwell Manufacturing 
Co.) A plug valve lubricant and sealant 
composition made from ingredients com- 
prising substantially the following: 
Percentage 


Ingredient: Range (Wt) 


GAUDINO ba ooo Sa ciewcn 78-79 
Sodium carboxymethyl- 

Uo ee ee 7-3 
Water soluble vegetable 

gum powder .......... 2-1 
Sodium stearate ........ 2-1 
Detergent wetting agent.. 4-2 
CC A eS es eee 2-1 
Animal gine. ........... 3-1 
Sodium glyceroxide ...... 0.75-3.75 


Filter Aid for Preparing Dispersions in Lu- 
bricating Oil, Patent #2,878,185 (G. L. 
Weamer, assignor to California Research 
Corp.) In the process of preparing dis- 
persions of alkaline earth metal glycox- 
ides in lubricating oils by forming an ad- 
mixture of a lubricating oil, a dihydric 
alcohol containing less than five carbon 
atoms, from 0.02 per cent to 7.0 per cent, 
by weight, based on the oxide, of an in- 





organic substance selected from the 
group consisting of alkaline earth metal 
oxides and hydroxides, and from 0.1 per 
cent to 10 per cent by weight of an alka- 
line earth metal sulfonate, heating said 
admixture to a temperature in the range 
of about 175F to about 400F, removing 
unreacted dihydric alcohol by distilla- 
tion, and filtering said admixture, the 
improvement comprising blending into 
said lubricating oil composition prior to 
filtration, an alkyl phenol having no 
more than three alkyl groups attached 
to the benzene nucleus, each alkyl group 
containing from 4 to 30 carbon atoms, 
and wherein the mole ratio of said alkyl 
phenol to said inorganic substance has 
a value from about 0.1 to about 1.5, 
wherein the weight ratio of dihydrie alco- 
hol to said inorganic substance is from 
30:1 to 10:1, and wherein the mole ratio 
of said metal inorganic substance to said 
sulfonate has a value from about 1.75 to 
about 4.0. 

Grease Composition Containing Sodium and/ 
or Lithium Soaps of Low, Intermediate and 
High Molecular Weight Acids, Together with 
Glycerine or Related Hydroxy-Compounds, 
Patent #2,878,186 (C. Liddy, assignor 
to Socony Mobil Oil Co., Inc.) A grease 
composition comprising: an oil vehicle, 
from about one to about five per cent 
by weight of a low molecular weight 
polyhydroxy alcohol, and a_ mixture 
therewith of alkali metal soaps and salts 
selected from the group consisting of 
lithium and sodium soaps and salts and 
of mixtures of said soaps and salts, the 
mixture of said soaps and salts being 
present in a grease forming quantity, 
and the alkali metal soaps and salts of 
said mixture being soaps and salts of 
acids identified as (I), (II) and (III), 
one of said acids being a low molecular 
weight unsubstituted straight chain sat- 
urated monocarboxylic acid (I) having 
from one to six carbon atoms per mole- 
cule, one of said acids being an inter- 
mediate molecular weight unsubstituted 
saturated monocarboxylic acid (II) hav- 
ing from seven to twelve carbon atoms 
per molecule and having no side chain 
larger than a methyl group, and one 
of said acids (III) having more than 
twelve carbon atoms per molecule and 
having no more than one unsaturated 
double bond being selected from the 
group consisting of a monocarboxylic 
acid and a monohydroxy-substituted 
monocarboxylic acid, the per cent-by- 
weight distribution of said acids being 
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as follows: 
I. From about 10 to about 50. 

II. From about 30 to about 70. 

III. From about 10 to about 50. 
Grease Composition Containing Alkali Metal 
Salts and Soaps of Intermediate Molecular 
Weight Acids and of Low Molecular Weight 
Acids, Patent #2,878,187 (C. Liddy, as- 
signor to Socony Mobil Oil Co., Inc.) 
A grease composition comprising: an oil 
vehicle, a mixture of an alkali metal salt 
and an alkali metal soap, and from about 
two to about five per cent by weight 
of a low molecular weight polyhydroxy 
alcohol, the mixture of salt and soap 
being present in a grease forming quan- 
tity, and the alkali metal salt of said 
mixture being a salt of a low molecular 
weight unsubstituted straight chain sat- 
urated monocarboxylic acid (I) having 
from one to six carbon atoms per mole- 
cule, and the alkali metal soap of said 
mixture being a soap of an intermediate 
molecular weight unsubstituted saturated 
monocarboxylic acid (II) having from 
seven to twelve carbon atoms per mole- 
cule and having no side chain larger 
than a methyl group, the molar ratio of 
said acid (I) to said acid (II) being 
from about 0.25:1 to about 10:1. 
Method for Producing a Lubricating Oil, Pat- 
ent #2,879,223 (E. L. Cole, W. E. Skel- 
ton and R. K. Meyers, assignors to The 
Texas Co.) A method for producing a 
lubricating oil characterized by a low 
carbon residue and low solid point which 
comprises alkylating a cycle gas oil ex- 
tract with olefinic material within the 
molecular weight range of naphtha to gas 
oil olefins to produce an alkylated ex- 
tract characterized by a high solid point, 
a high carbon residue and a low viscosity 
index, and thereafter subjecting the al- 
kylated extract to hydrorefining at a 
temperature in the range of from 500 
to 800F and at a pressure in the range 
of from 500 to 5000 psig. 
Clay-Thickened Lubricants and the Prepara- 
tion Thereof, Patent #2,879,229 (C. A. 
Stratton, assignor to Phillips Petroleum 
Co.) A bodied lubricant consisting es- 
sentially of hydrocarbon lubricating oil; 
organophilic bentonite in a proportion 
sufficient to thicken said oil to grease 
consistency, said bentonite having been 
rendered organophilic by replacing the 
exchangeable inorganic cations of the 
bentonite with organic cations from salts 
of organic compounds selected from the 
group consisting of amines, polyamines 





-and quaternary ammonium compounds; 


and about 0.5 to 3 weight per cent dis- 
persion agent of acetone and a compound 
selected from the group consisting of 
acetonitrile and propionitrile, said dis- 
persion agent being about 1.5 to about 
35 weight per cent nitrile and the re- 
mainder acetone. 

Motor Lubricating Oil Composition, Patent 
#2,879,236 (S. R. Newman, R. Y. Heis- 
ler, and K. L. Dille and N. Alpert, as- 


signors to The Texas Co.) A lubricating 
oil containing a minor amount of a poly- 
glycol carbamate. 

Soap-Salt Complex Thickened Greases, Pat- 
ent #2,880,174 (A. J. Morway and H. K. 
Wiese, assignors to Esso Research & 
Engineering Co.) A lubricating grease 
composition comprising a major portion 
of a lubricating oil and a minor grease- 
making proportion of a soap-salt com- 
plex consisting of at least one alkaline 
earth metal soap of a high molecular 
weight fatty acid having from about 18 
to 22 carbon atoms per molecule, an 
alkaline earth metal salt of a polycar- 
boxylic acid material selected from the 
group consisting of dicyclodiene dicar- 
boxylic acid and tricarboxylated bicyclo 
(2,2,1)-heptene, and an alkaline earth 
metal salt of acetic acid, in which the 
mol ratio of acetic acid to the other 
carboxylic acids is about 4:1 to 40:1 and 
a mol ratio of polyearboxylic acid ma- 
terial to high molecular weight fatty acid 
is about 0.5:1 to 5:1. 

Lubricating Oil Additive Compatibility Im- 
prover, Patent #2,880,175 (A. E. Michaels 
and Niilo V. Hakala, assignors to Esso 
Research & Engineering Co.) A non- 
turbid lubricating oil blend having a 
high viscosity index and exhibiting a 
high degree of detergency consisting es- 
sentially of a blend of a mineral oil base 
stock having combined therein about 
0.05 per cent to about 10.0 per cent 
by weight of a copolymer of a fumarate 
ester containing from about 8 to 18 
carbon atoms in the ester portion there- 
of and vinyl acetate, from about 0.2 per 
cent to about 3.0 per cent by weight 
of a metal salt of an alkylated phenol 
as a detergent inhibitor, and from about 
0.01 per cent to about 1.0 per cent by 
weight of a compatibility improver of 
the class consisting of diethylene glycol 
monoethy! ether, methoxy triglycol, and 
dimethoxy tetraethylene glycol. 
Lubricating Grease Comprising Methylchlo- 
ropheny! Silicone Polymer Thickened with a 
High Melting Diazo Compound, Patent 
#2,880,176 (J. R. Roach and J. P. Dil- 
worth, assignors to The Texas Co.) A 
lubricating grease consisting essentially 
of a methylchloropheny! sileone polymer 
oil of lubricating characteristics thick- 
ened to a grease consistency. 

Lubricating Greases Thickened with Benzidene 
Diazo Compounds, Patent #2,880,177 (J. F. 
Lyons, P. R. Thomas and N. R. Odell, 
assignors to The Texas Co.) A lubri- 
cating grease consisting essentially of a 
lubricating oil thickened to a grease 
consistency. 

Rust Inhibiting Composition, Patent #2,881,- 
140 (R. W. Schrun, assignor to Sinclair 
Refining Co.) A composition consisting 
essentially of about 50 to 95 per cent of 
an aromatic hydrocarbon solvent, about 
5 to 65 weight per cent of an oxidate of 
a foots oil fraction and about 0.1 to 4 
weight per cent of a substantially dehy- 
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drated partially oxidized microcrystalline 
wax having a saponification number of 
about 10 to 150, said foots oil oxidate 
having a melting point of about 80 to 
95F, an API gravity of about 10 to 25 
and a saponification number of about 
200 to 325. 


Metal Working Lubricants, Patent #2,882,- 
228 (F. J. Watson and J. E. Weigel and 
F. C. Younger, assignors to Shell Devel- 
opment Co.) A lubricating oil compo- 
sition comprising a major amount of a 
mineral lubricating oil containing from 
about 0.1 per cent to about 10 per cent 
each of a long chain highly branched 
primary tertiary aliphatic amine of at 
least eight carbon atoms salt of a chloro- 
methanephosphonie acid, and a partial 
ester of a polvhydric alcohol having from 
two to six carbon atoms and a Cy-Cx 
fatty acid. 


(E. E. Richardson, assignor to Standard 
Oil Co.) A lubricating oil composition 
comprising a major proportion of a min- 
eral lubricating oil, between about 0.002 
and 10 per cent of an alkaline earth con- 
taining neutralized reaction product of 
a phosphorus sulfide and an olefin poly- 
mer, between about 0.001 and 5.0 per cent 
of the polymerization products of unsatu- 
rated fatty acids having from 16 to 26 
carbon atoms, said polymerization prod- 
ucts having a molecular weight between 
400 and 2000, and between about 0.001 
and 5.0 per cent of an oil soluble organic 
sulfur compound selected from the class 
consisting of aliphatic mercaptans having 
from 8 to 16 carbon atoms and aliphatic 
disulfides having from 15 to 30 carbon 
atoms. 


Lubricating Greases Containing Alkyl-Beta- 
Amino Propionates, Patent #2,882,230 
(J. H. Bartlett and A. J. Morway, as- 
signors to Esso Research & Engineering 
Co.) A lubricant comprising a major 
proportion of a lubricating oil and in the 
range of 10 to 40 weight per cent of a 
complex thickener consisting of signifi- 
cant amounts of: (1) a metal salt of a 
carboxylic acid having in the range of 
one to five carbon atoms per molecule, 
(2) a metal soap of a fatty acid having 
in the range of 10 to 30 carbon atoms 
per molecule, and (3) a metal soap of an 
alkyl-beta-amino propionic acid, the 
alkyl group thereof having in the range 
of 10 to 30 carbon atoms; the metal 
component of said soaps and salt being 
selected from the group consisting of 
alkali and alkaline earth metals, the pro- 
pionic acid soap constituting in the range 
of 20 to 75 weight per cent of said com- 
plex thickener and the molar proportion 
of said salt to said soaps being in the 
range of one to three. 
Needle Oil, Patent 72,882,231 (E. W. 
Brennan and J. N. Bowden, assignors to 
The Pure Oil Co.) A compounded knit- 
(Cont. on p. 336) 
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(Cont. from p. 335) 
ting needle oil especially adaptable for 
use in the lubrication of machine- 
operated knitting needles in the knitting 
of varn or thread pretreated with a poly- 
vinyl alcohol-containing size into fabric, 
said oil consisting of a major portion of 
a petroleum oil having a viscosity of 
about 65-150 sus at 100F and small por- 
tions of (1) an oil-soluble rust inhibitor 
in an amount sufficient to inhibit the 
moisture rusting of said needles, (2) an 
oil soluble, non-ionic surface active agent 
in an amount sufficient to reduce the 
interfacial tension of the compounded 
oil to less than about 10 dynes/em, and 
(3) about 0.5-50 per cent by weight, based 
on total composition, of an oil-soluble, 
ester plasticizer for polyvinyl compounds 
selected from the group consisting of 
esters of phthalic acid containing no 
alkoxy substituent of more than ten car- 
bon atoms, to prevent the accumulation 
of said size on said knitting needles. 
Polyethylene-Wax Composition and Process 
of Blending Same, Patent $2,882,246 
(G. T. Leatherman and C. V. Detter, 
assignors to Phillips Petroleum Co.) A 
composition comprising a major propor- 
tion of a wax having a melting point 
of at least 100F, selected from the group 
consisting of paraffin wax, candelilla wax, 
carnauba wax, montan wax and sperma- 
ceti wax, and from 0.1 to 10 per cent by 
weight of a solid polyethylene produced 
by polymerizing ethylene in the presence 
of a catalyst consisting of chromium 
oxide, containing hexavalent chromium 
supported on at least one oxide selected 
from the group consisting of silica and 
alumina, said polyethylene having a 
density in the range of 0.92 to 0.97 and 
a melting point in the range of 235 to 
260F . 

Lubricant Compositions, Patent 2,883,339 
(E. E. Richardson, assignor to Standard 
Oil Co.) A lubricating oil composition 
comprising a major proportion of a min- 
eral lubricating oil base, between about 
0.002 and 10 per cent of an alkaline 
earth-containing neutralized reaction 
product of a phosphorus sulfide and an 
olefin polymer, between about 0.001 and 
5 per cent of the polymerization prod- 
ucts of unsaturated fatty acids having 
from 16 to 26 carbon atoms, said poly- 
merization products having a molecular 
weight between about 400 and 2000, and 
between about 0.001 and 5 per cent of 
an oil soluble phenol selected from the 
group consisting of alkylated monohydric 
phenols and alkylated dihydric phenols. 
High Viscosity Index Detergent Lubricating 
Oils, Patent #2,883,340 (W. L. Wasley 
and C. E. Wilson, assignors to Union 


- Oil Co. of California) A high V-I., deter- 


gent lubricating oil consisting essentially 
of mineral lubricating oil containing be- 


tween about 1 per cent and about 15 per 
cent by weight of the metal salt of a 
hydrocarbon polymer sulfonic acid, said 
metal being selected from the class con- 
sisting of the alkali and alkaline earth 
metals and said hydrocarbon polymer 
being one having a molecular weight be- 
tween about 10,000 and about 50,000 and 
selected from the class consisting of 
polymers of monoolefins having three to 
six carbon atoms per molecule and co- 
polymers of said monoolefins with multi- 
olefins having four to seven carbon 
atoms per molecule in which the ratio 
of multiolefin to monoolefin is between 
about 0.005 and about 0.1 to 1. 

Lithium Base Grease Modified with Lithium 
or Aluminum 2-Ethyl Hexanoate, Patent 
#2,883,341 (J. R. Allison, assigner to 
Leffingwell Chemical Co.) A_ bleed- 
resistant lubricating grease comprising 
lubricating oil and a soap component 
consisting essentially of a lithium soap 
and a second soap of the group con- 
sisting of lithium 2-ethyl hexanoate and 
aluminum 2-ethyl hexanoate, said second 
soap constituting between % per cent to 
20 per cent of said soap component, said 
second soap acting to reduce substan- 
tially the low temperature bleeding tend- 
encies of the grease as compared with 
those of a corresponding grease lacking 
said second soap. 

Extreme Pressure Lubricant, Patent #2,885,- 
363 (G. Wolfram and J. B. Stucker, as- 
signors to The Pure Oil Co.) The prep- 
aration of an extreme pressure lubricant 
additive having improved storage sta- 
bility and low temperature charactertics 
when blended with solvent refined min- 
eral lubricating oil from natural fatty 
material having a content of polyun- 
saturated glyceryl esters of high boiling 
fatty acids exceeding about 10 per cent, 
which esters when chemically reacted 
with sulfur and phosphorus tend to form 
sulfur and phosphorus-containing reac- 
tion products insoluble in said lubricat- 
ing oil, comprising reducing the content 
of said polyunsaturated glyceryl esters 
to about 1.0 to 2.0 weight per cent, then 
sulfurizing and phosphorizing said ma- 
terial during mechanical agitation with- 
out blowing with an oxidizing medium 
under conditions of time and tempera- 
ture such that a product having a vis- 
cosity below about 400 sus at 210F is 
produced. 

Paper-Machine Oils, Patent 2,885,362 
(J. N. Bowden and E. W. Brennan, as- 
signors to The Pure Oil Co.) A paper- 
machine oil composition consisting of a 
mineral oil base, about 0.5 to 2.0 weight 
per cent of barium diisobutylhydroxy- 
phenyl sulfide, about 0.5 to 2.0 weight 
per cent of zine dioctyldithiophosphate 
and about 0.05 to 0.20 weight per cent 
of an alkaline earth metal petroleum 
sulfonate, said composition being char- 
acterized by its ability to pass the dy- 
namic demulsibility test. 
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We mean a coil of aluminum foil 25 hundred 
thousandths of an inch thick and 25 miles 
long. High quality coils of this size are rou- 
tine production on this Four High MOR- 
GOIL equipped foil mill at Anaconda 
Aluminum Company, Louisville, Kentucky. 
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“The Lubrication of Railway Journal Roller 
Bearings,” by P. C. Paterson, Timken Roller 
Bearing Co., Canton, Ohio, ASLE-SAE Joint 
Automotive Lubrication Conference, March 
1958. 

The recent wide spread increase in the 
application of roller bearings to certain 
phases of railway service has been en- 
couraged by the useful road service per- 
formance data obtainable on bearings, 
seals and lubricants under varying con- 
ditions of load, speed and climate which 
cannot be demonstrated by laboratory 
or other methods. These data have been 
equally as valuable to the manufacturer 
of lubricants as to the bearing designer 
and railway people, in pinpointing the 
benefits to be derived from a bearing in 
which (a) pre-lubrication at time of as- 
sembly is practicable; (b) all parts are 
interchangeable; (c) no adjustment is 
necessary when bearing assembly is ap- 
plied to the axle; (d) housing designed 
for either oil or grease. The author’s 
review of past experience leading up to 
the present acceptability of grease lubri- 
cation is interesting. 

While the all year grade of car oil has 
been successfully retained by annular 
groove and flinger design of enclosure 
without any oil additions between the 
30 day inspection periods in fast main 
line passenger service, in freight service 
where cars might be away from the own- 
ing lines for months or even years, it 
could be unsuitable. Oil drain off from 
the surfaces of the rolling elements dur- 
ing idle periods or even actual oil loss 
from the enclosures could be too serious. 
Steadily increasing costs of frequent oil 
level inspections was an additional rea- 
son for considering re-introduction of 
grease lubrication. This was further en- 
couraged as a means of improving the 
performance of other enclosure designs 
whose oil retention characteristics were 
limited by increased clearances necessary 
to compensate for lateral, or angular dis- 
placement of the bearing applications. 

Subsequent 90 day inspections of the 
grease, by removing the bearing housing 
covers showed no grease loss. In some 
cases it was even found possible to oper- 
ate over 250,000 miles to wheel renewal 
without addition of grease, in roller bear- 
ing housings which had previously oper- 
ated on oil lubrication. In other words, 
the ultimate objective in the operation 
of a railway journal roller bearing was 
attained: the ability to schedule the re- 
lubrication period with other phases of 
maintenance work. 
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The recommended quantity of grease 
is a factor in obtaining extended road 
performance. This should not be ex- 
ceeded, otherwise overheating due to 
churning could result, with reduced con- 
sistency and possibility of leakage. Con- 
tinuous high temperature operation also 
can impair the lubricating properties of 
the grease. Obviously the severity of rail- 
way roller bearing service requires a 
grease of very positive characteristics: 
(a) It must remain chemically and phys- 
ically stable. (b) It must not thin down 
in service, nor stiffen to the point of 
channeling. (c) Pumpability must be 
good especially at low temperatures. (d) 
It must be operable over a wide range 
of temperatures. (e) Compatibility with 
other greases must be satisfactory. (f) 
And finally, it must be highly resistant 
to water and oxidation. AAR Specifica- 
tion M-917-53 relates to these conditions. 
A companion specification for bearings 
requires design for periodic grease lubri- 
cation at three year intervals. (Digested 
by A. F. Brewer) 

“Limited Slip Differentials,” by L. J. O’Brien, 
Dana Corp., Fort Wayne, Ind., ASLE Gear 
Symposium, Jan, 1959. 

A differential is required in the auto- 
motive vehicle for a number of reasons: 

(a) To prevent the transfer of full 
engine torque to one axle shaft. 

(b) Because more than one driving 
wheel is used, and these driving 
wheels must not interfere with 
handling of the vehicle. 

(c) Because all wheels of the vehicle 
do not travel the same distance in 
the same length of time. 

These are functions of the conven- 
tional differential which, however, has a 
definite disadvantage in that it divides 
the power equally to both wheels with 
tendency to drive the wheel easiest to 
turn. Furthermore, under certain condi- 
tions there may be uncontrolled load 
application at the driving wheels; ice. 
spinning of the wheel with poor traction. 
In the modern high performance auto- 
mobile this can present a safety hazard 
by affecting the stability and control of 
the vehicle when this wheel regains trac- 
tion under the magnitude of the force 
applied. 

The limited slip differential is designed 
to reduce this hazard. In addition to 
providing the essential requirements as 
listed above, it provides sufficient trac- 
tion torque to the non-spinning wheel 
under all conditions of vehicle operation 
so that the driving force is under com- 
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plete control of the driver at all times. 
In reporting on the studies incident to 
development of the limited slip differ- 
ential, the author emphasizes that long 
life, efficient functioning regardless of 
wear, acceptable size and weight com- 
mensurate with riding ability of the ve- 
hicle, reasonable cost and quietness in 
operation are other economic factors 
which had to be considered. 

Division of load is the basic operating 
difference between these types of dif- 
ferentials. Since the conventional differ- 
ential divides the load equally between 
the driving wheels, the load at the slip- 
ping wheel is multiplied by one, and 
applied to the wheel with traction. The 
limited slip differential is a similar load 
divider except that the load at the slip- 
ping wheel can be multiplied by some 
numerical value. As the power is in- 
creased in the automotive vehicle ob- 
viously more traction is needed to use 
this power. 

The major problem in the develop- 
ment and application of the limited slip 
differential has been lubrication, as re- 
lated to reduction of noise as indicated 
by chatter. The friction surfaces do not 
slide smoothly at very slow speed as 
a result of the difference between the 
starting and running torque. Here higher 
coefficient of friction in the lubricant is 
beneficial. (Digested by A. F. Brewer) 
“Lubrication of Missiles and Military Aircraft,” 
by J. E. Parkin, Chance-Vought Aircraft Co., 
Dallas, Texas, ASLE Annual Meeting Paper, 
April 1958. 

Lubricants for the various component 
mechanisms in missiles and military 
aircraft are studied from viewpoints 
broadly classified as environmental or 
operating. In either case they must func- 
tion in highly complex lubrication ar- 
rangements such as the intricate elec- 
tronic guidance systems in guided 
missiles which utilize special low vola- 
tility-type lubricants. Temperature is a 
vital factor. In environmental considera- 
tion the climate is involved, varying 
from arctic to desert. This relates to 
storage as missiles may have to be stored 
for extended periods in polar regions 
where temperatures as low as —65F could 
prevail. Conversely in desert  installa- 
tions all lubricated mechanisms must be 
able to withstand much higher storage 
temperatures and at the same time be 
so sealed as to be protected against entry 
of dust. Lubricants to be acceptable 
must be functional, therefore, through 
a range of —65F to 150F. 


August, 1959, LUBRICATION ENGINEERING 





Temperature associated with altitude 
relates to the operating phase of the 
problem. As a rule there is an excess of 
heat, as it may develop (1) from the 
aircraft’s power plant through conduction 
and radiation; or (2) from the friction 
of the aircraft as it moves through the 
atmosphere. To be applicable in modern 
fighter aircraft, lubricants must perform 
adequately within a temperature range 
of —65F to 300F or in special cases to 
500F. A good example of an extreme 
would be the horizontal tail bearings 
which, being located very close to the 
engine blast, are among the hottest 
lubricated parts on the aircraft. Conduc- 
tion and radiation of skin temperatures 
to certain of the lubricated components 
results from flying friction. Increase in 
flying speed adds to the temperature 
problem. Here aerodynamic study of 
materials for use at higher speeds and 
higher temperatures is required. When 
such structural materials are found, it 
follows that lubricants will have to be 
developed to permit their use. 

In deciding upon a specific lubricant 
for such service, evolution and past his- 
tory are important sources for study. 
Missiles can well be used to test lubri- 
cants for aircraft because they fly faster 
than the latter. Accordingly when re- 
coverable guided missiles are used their 
value as proving grounds is apparent. 
Performance ability coupled with the 
usual chemical and physical laboratory 


tests of both new and recovered products 
are valuable screening indications of how 
effectually the mechanisms are being, or 
can be protected in flight. But flight 
testing can be only the beginning, be- 
cause of replacements and changes. 
Electronic components may need replac- 
ing or new equipment is sometimes 
added. Lubricants for such equipment 
must be used sparingly; furthermore 
they have to be low volatility type and 
able to maintain their stability at high 
temperatures. Miniaturization of compo- 
nents to reduce weight adds to the prob- 
lem because as size is reduced viscosity 
may have to be lowered. 

Unlike lubricants for other industries, 
those for aircraft service at present are 
composed of unfamiliar chemicals. 
Fighter aircraft lubricants are essentially 
synthetic oils plus additives. These latter 
include antioxidants, inhibitors and thick- 
eners. Antioxidants minimize oxidation 
at higher temperatures; inhibitors such 
as petroleum sulfonates are usually 
stabilizers; thickeners are included in 
carefully controlled amounts to impart 
body to the lubricant. (Digested by A. F. 
Brewer) 

“A Recent Advancement in the Development 
of’ Extreme Pressure Greases,” by A. |. Sip- 
pola, ASLE Annual Meeting Paper, April 1958. 

Research development and formulation 
of the manufacturing procedure for any 
distinctive type of petroleum base lubri- 
cant is one of the most challenging 
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projects confronting the petroleum chem- 
ist. He must couple his available know!l- 

edge of additives and their compatibility 
with study of the service conditions 

under which the product must function. 

Today these conditions usually are ex- 
treme as to load, temperature range, 
high speed and the necessity for multi- 

service. 

When extreme pressure performance of 

a grease is involved the requirements 

include 
a.Good Structural Stability—worked 
and unworked under wet and dry 
conditions to resist leakage and 
washout. 

. Chemical Stability—to resist deteri- 
oration at high temperatures, up to 
300F and to combat the action of 
mild acid or alkali contaminants. 

c. Feedability and Pumpability—to en- 
able satisfactory handling under 
prevailing temperature conditions. 
Here structure, apparent viscosity 
and consistency are influencing 
factors. 

. Rust Protection—to prevent corro- 
sion of machine parts. 

. Compatibility with other greases. 
f. Long-term Stability in storage, with 

minimum bleeding. 
g. Long-term Service—including “Pack- 
for-Life” applications. 
To a varied degree the grease under 
consideration must be studied as to the 
(Cont. on p. 340) 
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TECHNICAL DIGEST 
(Cont. from p. 339) 


extent to which these requirements re- 
late to 

a. Package Stability. 

b. Performance in conventional dis- 

pensing equipment. 

ce. The range of service conditions 

which are likely to be encountered 
on the machinery for which the 
grease is intended. 

One of the prominent advancements 
in extreme pressure grease research builds 
the EP components into the thickener 
rather than the oil, to obtain a calcium 
EP complex lead soap product which is 
regarded as wholly compatible not only 
with other additives but also with other 
greases with which it may be mixed in 
service. Proper balancing of the ingredi- 
ents also favors maximum usable tem- 
perature up to 300F. (Digested by A. F. 
Brewer) 


TESTS OF AIRCRAFT FLUIDS 
(Cont. from p. 327) 


indicate trends and focus attention 
to the fact that it is unwise to base 
acceptance of a fuel, fluid, or lubri- 
cant for a nuclear environment only 
on statically irradiated samples. 
These data further demonstrate the 
need for a more complete investi- 
gation of the relative effects of dy- 
namic and static irradiation. 
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WHY 500 BLUE CHIP COMPANIES LUBRICATE 
COSTLY MACHINERY WITH ALEMITE OIL-MIST SYSTEMS 


An Alemite Oil-Mist Lubrication System provides safe, 
foolproof, automatic lubrication . . . increases machine 
output... reduces lubrication costs. 


Designed for a wide range of applications. Oil-Mist 
provides constant, uniform lubrication of many sizes 
and types of bearings, from small sewing machine bear- 
ings to large steel mill back-up roll bearings or work 
roll bearings. Open type and enclosed gear trains and 
chain drives are lubricated by Oil-Mist when leakage 
problems exist. An Oil-Mist System is also ideal for 


Cut costs ... reduce man-hours and 

machine down-time . . . extend bearing life... 
increase production ... with a modern 
Alemite Oil-Mist Lubrication System 


Write today for free Oil-Mist catalog! 


Dept. DD-89, 1850 Diversey Parkway, Chicago 14, Illinois 


lubricating slides, ways and cams, where a minimum of 
continuous lubrication is required. 


Used in both large and small plants. Alemite Oil-Mist 
Systems are now operating in hundreds of plants... 
reducing operating temperatures and bearing wear... 
eliminating housekeeping problems and contamination 
due to over-lubrication . . . reducing man-hours and 
down-time. Check your plant. Perhaps you, too, can 
benefit from the many important advantages of a mod- 
ern Oil-Mist System. 
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Combines the qualities of both lubricant 
and protective shield. Formulated for the 
severe shock load service of heavy equip- 
ment, including cast or roughly finished 
gears. 

GEARKOTE is exceedingly resistant to 
water such as commonly found in edging 
roll drives, housing roll gears, table line 
shaft housings, and semi-open pinions. 





The heavier consistencies settle in the 
housings under water, but lubricating qual- 
ities remain unimpaired. Surplus water can 
be drained during shutdown periods with- 
out loss of GEARKOTE. 


Designed for year-round-application. 





Blooming mill entrance, delivery table and 
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Blooming mill pinion. 
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Traction gears of Diesel locomotives. 
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